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EXTRACT  FROM   PREFACE 
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panded   to   make  them   readable.     Of  this   suggest]  1 

volume  is  the  outcome.     The  work  of  preparation  1;  ^ 
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Lectures  within  a  tiveivcmonth  at  longest,  but  failir 
and  increasing  demands  upon  my  time  have  extei.^,^^  mi.  ^ 
{^od  to  four  years.     In  consequence  of  this  delay,  it  will  be 

nd  that  in  the  earlier  Lectures  the  niost  rpcent  researches    ^ 
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PREFACE   TO   THE   SERIES. 


The  first  edition  of  the  Botanical  Text-Book  was  pub- 
lished in  the  year  1842.  the  fifth  in  1857.  Each  edition 
has  been  in  good  part  rewritten,  —  the  present  one  entirely 
so,  —  and  the  compass  of  the  work  is  now  extended.  More 
elementary  works  than  this,  such  as  the  writer's  Lessons 
in  Botany  (which  contains  all  that  is  necessary  to  the  prac- 
tical study  of  systematic  Phjcnogamous  Botany  by  means  j 
of  Manuals  and  local  Floras),  are  best  adapted  to  th%  I 
needs  of  the  young  beginner,  and  of  those  who  do  not  i 
intend  to  study  Botany  comprehensively  and  thoroughly. 
The  present  treatise  is  intended  to  serve  as  a  text-book 
for  the  higher  and  completer  instruction.  To  secure  the 
requisite  fulness  of  treatment  of  the  whole  range  of  suh- 
jectfi,  it  has  been  decided  to  divide  the  work  into  distinct 
Tolumes,  each  a  treatise  by  itself,  which  may  be  indepen- 
dently used,  while  the  whole  will  compose  a  comprehen- 
wve  botanical  course.  The  volume  on  the  Structural  and 
Morphological  Botany  of  Phrenogamous  Plants  properly 
comes  first.  It  should  thoroughly  equip  a  botanist  for  the 
scientific  prosecution  of  Systematic  Botany,  and  furnish 
needful  preparation  to  those  who  proceed  to  the  study  of 
Vegetable  Physiology  and  Anatomy,  and  to  the  wide  and 
-varied  department  of  Cryptognmic  Botany, 
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The  volume  upon  Physiological  Botany  (Vegetable  His- 
tology and  Physiology)  has  been  prepared  by  the  writer's 
colleague,  Professor  Goodale. 

The  Introduction  to  Cryptogamous  Botany,  both  struc- 
tural and  systematic,  is  assigned  to  the  writer's  colleague. 
Professor  Fablow. 

A  fourth  volume,  a  sketch  of  the  Natural  Orders  of 

Phsenogamous  Plants,  and  of  their  special  Morphology, 

Classification,  Distribution,  Products,  etc.,  will  be  needed 

to  complete  the  series:  this  the  writer  may  rather  hope 

than  expect  himself  to  draw  up. 

ASA  GRAY. 

Hebbabium  of  Habyabd  Uniybbbitt, 
Cambbidob. 


PREFACE   TO   VOLUME   II. 


The  present  volume  is  devoted  to  a  coDsider&tion  ofl 
the  microscopic  structure,  the  development,  and  the  fuuo- 
tioDS  of  flowering  planla;  that  is,  to  their  Vegetiible  Hi*-  ] 
tology,  Oiganogeny,  and  Physiology.  In  the  first  volume 
of  the  Botanical  TexuBook  these  topics  were  treated  only 
incidentally,  or  in  an  elementary  manner,  as  an  introduc- 
tion to  Morphology. 

Cryptogams,  or  flowerless  plants,  are  treated  in  this 
volume  only  bo  fnf  as  their  study  may  throw  light  on 
certflin  feitlures  of  the  anatomy  and  physiology  of  Phjeno- 
gnms.  The  simple  structure  of  many  of  the  flowerlesa 
plnots,  especially  of  those  of  the  lower  grades,  makes  them 
suitahle  objects  in  which  to  investigate  numerous  phe- 
namena  of  vegetable  nutrition,  growth,  and  reproduction, 
and  they  have  been  extensively  employed  as  convenient 
material  for  this  purpose.  Reference  must  therefore  be 
made  in  the  present  treatise  to  some  of  the  more  important 
reanlts. 

Vegetable  Histology  treats  of  the  minute  anatomy  of 
plants.  A  knowledge  of  its  leading  facts  is  indispensable 
to  8  clear  understanding  of  Vegetable  Physiology,  and 
tbeir  presentatiou  must  needs  precede  any  satisfactory 
examination  of  the  latter.  The  technique  of  Vegetable 
Histology  requires  special  treatment,  and  therefore  con- 
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hiiltnhle  space  has  been  devoted  to  its  appliances  and 
methods.  This  special  treatment  has  been  supplemented 
by  a  series  of  practical  exercises  which  the  student  is 
urged  to  perform  in  the  order  designated.  It  will  be 
seen  that  in  some  ca:ses  several  examples  are  suggested : 
the  beginner  is  advised  to  examine  thoroughly  at  least 
one  iA  the  examples  under  each  head. 

Organogeny,  the  study  of  nascent  organs^,  occupies  much 
of  tlie  middle  ground  between  Histology,  Morphology,  and 
Physiology.  The  means  by  which  it  is  investigated  are 
those  of  Histology,  but  its  answers  are  given  to  Mor- 
phology. For  convenience,  the  study  of  the  development 
of  each  organ  of  the  plant  is  made  to  precede  the  examina- 
tion of  its  mature  state. 

Vegetable  Physiology  concerns  itself  with  the  life  of 
plants.  The  appliances  of  which  it  makes  use  are  taken 
chiefly  from  Physics  and  Chemistry,  and  facility  in  their 
employment  demands  some  practical  acquaintance  with 
those  departments.  To  one  who  has  worked  systemati- 
cally in  a  physical  and  chemical  laboratory,  experimental 
vegetable  physiology  presents  little  diflBculty.  To  aid  the 
work  of  students  whose  opportunities  for  experimenting 
in  Physics  and  Chemistry  have  been  slight,  a  series  of 
practical  exercises  in  Experimental  Physiology  has  been 
added.  The  appliances  selected  for  these  examples  are 
not  complicated  or  expensive,  and  it  is  hoped  that  teachers 
and  students  alike  may  find  their  employment  practica- 
ble. The  Praxis  embodies  in  compendious  and  conven- 
ient form  the  directions  which  have  been  employed  by 
the  author  in  his  classes. 

The  illustrations  of  tissues  and  of  apparatus  have  been 
taken  from  many  sources.     They  have  been  selected  with 
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reference  to  the  special  needs  of  those  students  to  whom 
the  larger  works  and  the  current  journals  are  not  easily 
accessible.  The  same  rule  has  been  largely  followed  in 
the  treatment  of  citations  from  authorities.  Where  it  has 
been  possible  to  do  so  without  too  great  sacrifice  of 
space,  the  phraseology  of  the  original  reference  has  been 
given. 

In  the  preparation  of  this  volume  the  author  has  had  at 
many  steps  the  wise  counsel  of  his  teacher  and  associate, 
Professor  AsA  Gray,  to  whom  he  vnshes  to  make  his 
grateful  acknowledgments. 

In  the  proof-reading,  verification  of  references,  and  In- 
dex, Mr.  W.  W.  NoLEN,  Assistant  in  Biology,  has  rendered 
aid  of  great  value.  His  painstaking  and  good  judgment 
have  lightened  in  every  way  a  formidable  and  burdensome 
task. 

GEORGE  LINCOLN  GOODALE. 

BOTAlfIC  GaRDEH  of   HaBYABD  TjKiyERSlTT, 

Cajibridqb,  Mass.,  August,  1885. 
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[PHYSIOLOGICAL  BOTANY. 


INTRODUCTION. 


HISTOLOGICAL  APPLIANCES. 


;  inalniments  and  otiicr  nppliaucea  used  in  the  csami- 
mlion  of  minute  vegetable  atructiirc  are,  with  the  exception  of 
a  few  special  ones  to  be  considered  later,  the  following :  — 

1.  Simple  microscoiw.  For  the  preliminary  preparation  of 
manr  objects,  a  simple  stage-microscope  ia  indispensable.  It 
sliotild  be  furnished  wfth  only  the  best  lenses,  preferably  doub- 
lets or  triplets,  magnifying  from  ten  to  at  least  twenty  diameters. 
TUe  glass  portion  of  the  stage  should  be  not  leas  than  an  inch 
Aiui  a  hair  in  diameter ;  suppoils  at  the  sides  of  the  stage,  on 
which  the  wrists  may  real  during  dissections,  are  of  considerable 
nse.  If  the  compound  microscope  described  below  is  provided 
also  with  an  inverting  eye-piece  and  with  an  objective  of  long 
focus,  it  can  be  made  to  ser^'e  for  most  dissections  i  othemisc  a 
Bimple  microscope  should  always  be  at  hand. 

2.  Conpoond  microscope.  '^Vhcn  reduced  to  its  simplest  terms, 
this  consists  of  n  stage,  or  flat  support  for  the  object  to  be  ex- 
amined, an  adjustable  tube  carrjing  two  combinations  of  lenses, 
the  objective  and  the  eye-piece,  and  finally  some  means  of  illu- 
minating the  object.  The  desiderata  to  t>e  borne  in  mind  in  the 
selection  of  a  compound  microscope  for  use  in  Vegetable  His- 
tology, are :  excellence  in  the  optical  parts,  ease  and  steadiness 
in  their  adjtistraent,  and  simplicity  of  construction.  Other  things 
being  equal,  a  microscope  with  a  short  tube  and  with  a  low 
stand  will  be  most  convenient,  on  account  of  the  large  number 
of  cnses  in  which  reagents  must  be  employed,  their  application 
requiring  a  horizontal  stage. 
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3.  Three  objectires  and  two  eje-pieces,  from  combinations  of 
which  magnif)'ing  powers  of  fort}'  to  eight  hundred  diameters 
can  be  obtained,  will  suffice  for  nearly  all  the  histological  work 
described  in  this  volume.  Two  objectives  and  a  single  eye- 
piece furnishing  powers  of  sixty  to  five  hundred  diameters  are 
enough  for  all  ordinary  investigations  of  minute  structure.  Ade- 
quate and  convenient  illumination  is  secured  by  a  plane  and  a 
concave  mirror  under  the  stage.  If  this  is  supplemented  by  an 
achromatic  condenser,  so  much  the  better.  The  stage,  prefer- 
ably thin,  should  be  provided  with  a  perforated  revolving  disc, 
or  other  suitable  system  of  diaphragms,  by  which  its  central 
aperture  can  be  made  larger  or  smaller. 

4.  The  student  ought,  at  the  outset  of  his  work,  to  make 
himself  familiar  with  the  principal  effects  which  are  produced 
in  the  appearance  of  the  object  in  the  field  of  the  microscope, 
by  changes  in  the  amount  and  direction  of  the  light  thrown  by 
the  mirror.  Details  can  sometimes  be  brought  out  clearly  by 
oblique  illumination,  which  are  only  faintly,  if  at  aU,  seen  in 
direct  light. 

5.  In  general,  low  magnifying  powers  are  to  be  preferred  to 
higher  ones  ;  and  combinations  of  high  objectives  with  low  eye- 
pieces, securing  a  given  magnifying  power,  are  always  better 
than  those  in  which  low  objectives  and  high  eye-pieces  are  used 
to  obtain  the  same  enlargement. 

6.  The  slips  of  glass,  or  '*  slides,"  upon  which  microscopic 
objects  are  common  1}^  prepared  and  preser^'ed,  are  three  inches 
(76  mm.)  long  by  one  inch  (25  mm.)  wide.  This  is  for  most 
cases  a  more  convenient  size  than  that  frequentl}'  employed  in 
Germany ;  namely,  48  X  28  millimeters.  The  glass  should  be 
free  from  color  and  fVom  imperfections.  The  preparation  to  be 
examined  under  the  microscope  should  be  covered  with  a  disc 
of  thin  glass  before  it  is  brought  under  the  objective.  Perfect 
cleanliness  of  slide  and  cover-glass  is  absolute]}*  necessar}'  in  all 
examinations,  and  must  be  secured  by  the  exercise  of  scrupulous 
care.* 

7.  Dissecting  Instmments.     Sharp  delicate  needles,  by  which 

*  For  cleaninji:  glass  perfectly,  the  following  preparation  may  be  used  :  — 
A  strong  solution  of  potassic  bichromate  to  which  about  half  as  much  con- 
centrated sulphuric  acid  is  cautiously  added.  To  this  mixture  add  an  equal 
volume  of  water.  The  glass  slips,  or  covers,  are  to  be  kept  in  this  solution  for 
a  short  time,  and  then  thoroughly  rinsed  in  pure  wat«r,  after  which  they  may 
be  dried  with  cloth  or  wash-leather.  For  ordinary  use  alcohol  of  usual  strength 
answers  the  purpose  very  well. 
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tlic  ]).irt3  can  Ih?  separated  bj  teasing,  are  ofton  liett<>r  tlian 
any  cutting  instruments.  Tlicy  are  indiapon sable  in  llio  ex- 
antiualioii  of  very  yoiiiig  flower- buds,  and  of  great  use  in  the 
isolation  of  tiseues  under  Ibe  dissecting  microscope. 

8.  SiiQIcicnlly  thin  aectioas  of  solt  parts  may  be  maile  by  any 
keeii-e<lged  knife.  A  razor  of  good  quality  is  generally  to  be 
prefcrreil  to  the  ordinary  dissecting  scalpel,  since  its  wide  and 
Bliff  blade  can  be  held  with  greater  stentliness,  and  its  steel 
admits  of  aa  sharp  an  edge.  As  a  rule,  Ibe  razor  should  be 
di]>ped  in  water  iK'fore  using,  as  this  i>ermita  the  atce!  to  i)ass 
iDore  easily  throngli  tissues.'  If  the  parts  from  which  sections 
are  to  ho  made  are  too  small  to  be  held  in  tlie  fingers,  they  can 
be  firmly  seized  between  slices  of  pith.  It  is  often  convenient 
f/t  united  the  object  in  paraffiu  or  in  an  alcoholic  solution  of 

Tliese  melt  below  tlie  temperature  of  boiling  water,  but 
I  Bolifl  at  oi-dinary  tempo ratuies,  and  the  latter,  if  proi*erly 
,  is  transparent.  A  little  of  the  melted  imbedding  sub- 
■tanu-  is  ponred  into  a  small  cone  of  glazed  paper,  and  when  it 
begins  to  cool,  the  object  is  plaee<.1  in  the  middle  of  the  mass. 
U[ion  complete  cooling  it  is  firmly  held  therein. 

Before  putting  tbe  object  into  paraffin  il  should  first  be  satu- 
rat«d  with  alcohol,  and  this  replaced  by  benzol  or  oil  of  cloves, 
in  order  to  enable  the  paraffin  to  hold  the  specimen  firmly.  The 
paraffin  may  be  dissolved  away  from  the  sections  by  appUcation 
of  benitol,  oil  of  cloves,  or  turpentine  (see  also  110). 

9.  Thin  sections  are  best  removed  flom  the  knife  by  a 
catncl's-hair  pencil,  and  are  to  be  placed  at  once  in  water  or 
some  oUier  liquid.  Except  in  certain  cases,  water  may  be  used 
03  a  medium  for  the  preliminary  examination  of  sections. 

Id.  Microtome.  Any  of  the  simpler  microtomes,  or  section- 
catters,  will  be  convenient  in  much  histol<^ieal  work,  and  of 
great  use  in  the  preparation  of  a  series  of  sections  from  any 
verj-  minute  object,  since  this  permits  them  all  to  be  of  exactly 
tlie  some  thickness. 

II.  Measarements.  Microscopic  objects  ni-o  measured  by 
micrometers.  The  eje-piece  micrometer  can  be  more  rapidly 
used  than  one  on  the  stage  of  tlie  instrument;  and  if  its  value 

*  Advanla^  is  freiiuenlly  gained  by  maiotening  the  edge  of  the  knire  with 
dilute  poUBsic  hydrate  brfow  dipiiiiig  U  in  wnlor,  thus  removing  traces  of 
oU  «bich  iM»y  h«ve  ulSicu'd  to  it  during  sliajpening.  But  potaasic  hydrate 
■hoald  not  be  used  in  this  way  if  reaKt^nls  urn  to  be  BitbMijuently  eniploj-ed, 

»  Uaiie  bjr  di»oMng  enouxh  of  any  good  truupueot  soap  in  hot  nlcohol. 
to  (onn,  tipon  cooliut;,  «  fim^  vliar  mass. 
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for  the  different  objectives  and  for  t/ie  length  of  t%tbe  has  been 
determined  accurately',  it  is  usual]}'  preferable. 

The  values  of  the  spaces  in  the  ej'e-piece  micrometer  are 
ascertained  by  comparison  with  known  values  of  the  spaces  on 
a  standard  stage  micrometer ;  for  example,  if  one  space  in  the' 
eye-piece  micrometer  corresponds  to  five  spaces  of  the  stage 
micrometer,  and  the  latter  has  a  value  of  one  thousandth  of  a 
millimeter,  each  space  of  the  former  equals  five  thousandths  of  a 
millimeter. 

The  unit  of  microscopic  measurement  is  the  "  micro-miUi- 
meter,"^  one  thousandth  of  a  millimeter.  It  is  expressed  b}' 
the  Greek  /x. 

12.  Drawing.  An  image  of  the  object  under  the  microscope 
may  be  cast  b}'  reflection  upon  paper  at  the  side  of  the  micro- 
scope, by  means  of  a  Camera  lucida.  Several  forms  of  the 
Camera  lucida  are  adapted  to  use  with  the  tube  of  the  micro- 
scope in  a  vertical  ix>sition,  and  are  more  convenient  for  the 
majorit}^  of  cases  coming  within  the  scope  of  the  present  work. 
Oberhauscr's,  Milne  Edwards's,  and  Abbe's  are  of  this  kind. 

13.  Polarizing  apparatus.  This  is  of  great  use  in  the  exami- 
nation of  certain  contents  of  cells.  It  consists  of  two  Nicol 
prisms,  one  below  the  stage  of  the  microscope  and  receiving 
the  light  which  is  reflected  from  the  mirror,  the  other  in  the 
eye-piece.  Upon  turning  one  of  the  prisms,  distinctive  op- 
tical characters,  not  otherwise  seen,  are  presented  by  grains  of 
starch,  etc. 

14.  Media  and  reagents.  The  fluid  in  which  a  microscopic 
specimen  is  submitted  to  examination  is  technicall}*  known  as  its 
medium.  Chemical  agents  subsequently*  added  for  the  purpose 
of  producing  changes  by  which  the  chemical  character  of  the 
objects  may  be  recognized,  are  termed  reagents.  Some  of  the 
media,  however,  in  common  use  produce  charactenstic  changes 
in  certain  cases,  and  might  be  as  truly  refeiTcd  to  the  latter 
class  as  several  of  the  reagents  themselves.    The  substances  in 

1  For  convenience  of  reference,  the  following  table  of  comparative  measure- 
ments is  given  :  — 

Ik.  Incbbs.  Ik  TifCHU.  iNcass.  m* 

6  000236 

7  000276 

8  000315 

9  000354 

10  000894 


1  000039 

2  000079 

3  000118 

4  000157 

6  000197 


One  meter  =  39.370432  inches. 


Y^^  =  2.5899 
yUs  «  25.8997 
^    =253.9972 


INTKODUUTION. 

vhich  mivroscopii;  spcciinciis  are  presen-ed  are  lenoed  mounting- 
metlia.  i 

1.').  Media.  In  all  ordinarj*  cases  pure  water  is  the  twst 
tuedium  iii  wliioli  to  place  the  object  for  exam  in  a  lion.  If  dis- 
tillc4l  naUr  cannot  be  procured,  filto'ed  rain-water  nt  melted  ice  I 
will  auBWer  perfecllj".  In  some  iustaneea  water  produces  an 
inimediule  change  either  in  the  cell-wall  or  in  the  contents  of  i 
the  cells.  For  instance,  the  atipertieial  cells  of  the  coats  of 
many  seeds  swell  tip  at  once  when  they  are  placed  in  water,  and  ' 
lose  Uieir  former  Bha|>e  ;  on  the  other  hand,  iiiii»rtant  contents 
ill  the  seeds  of  many  plants  are  dissolved  immediately  when  the 
sections  arc  moistened.  Hence,  other  media  must  l>e  sometimes 
sutwtituled  for  water.  Absolntc  alcohol  (see  40)  is  the  most 
useful  for  meeting  the  cases  above  referred  to.  Thus,  if  a  sec- 
tion of  a  seed-coat  be  fli'st  examinetl  in  absohite  alcohol,  and  the 
alcohol  be  gradually  replaced  by  water  as  directed  in  17,  the 
changes  due  to  water  will  take  place  slowly,  and  can  l>e  watched 
tbrougliont  For  Uie  cases  in  which  the  cell  contents  arc  sus- 
pected of  unilergoing  change  from  water,  castor-oil  is  a  useful 
niedinm.  If  thought  beat,  this  can  tie  removed  subsequently 
fntni  the  specimen  by  alcohol  or  ether,  and  the  latter  in  turn 
may  bo  made  to  give  place  to  water,  and  the  changes  can  be 
followed  with  certainty. 

IC.  (iiycerin  (see  GO),  either  concentrated  or  somewhat 
diluted  with  water,  is  a  highly  useful  medium,  imparting  a  good 
degree  of  transparency  to  most  S])ecimen8.  It  withdraws  a  part 
of  the  water  of  the  cell-sap,  and  in  the  case  of  thin-walled  cells 
tliia  is  followed  by  some  change  of  form.  The  remarkable  effects 
produce<l  ui)on  some  of  the  contents  of  cells  by  the  action  of 
glycerin  and  similar  agents  will  be  referred  to  under  Protoplasm. 

17.  One  medium  may  be  replaced  by  another  by  the  carefnl 
use  of  bibulous  paper.  Gootl  filtering  i)a|)er  Is  tlie  best  for  this 
piirpcrao.  If  a  Utile  of  Uie  liquid  which  it  is  desiied  to  place 
under  Uie  cover-glass  be  put  at  the  edge  of  the  cover,  and  the 
op|)osit«  edge  be  tlicn  touched  tightly  with  Uie  paper,  the  liquid 
will  be  at  oni-c  drawn  through.  By  successive  applications  of 
the  same  liquid,  the  specimen  can  be  thoroughly  washed  without 
removal  of  the  cover-glass. 

IS.  REAftENTS,  Four  reagents  are  in  very  common  use  in 
nearly  all  histological  examinations ;  namely,  caustic  potash,  a 
solution  of  iodine,  an  acid,  and  a  staining  agent.  Even  in  ordi- 
narj'  cases,  however,  it  is  desirable  to  have  a  somewhat  wider 
c%>ice  thau  this,  and  therefore  the  following  brief  hints  are 
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given  as  to  the  preparation  and  employment  of  some  of  the 
niOMt  UHeful  reagents.  More  detailed  directions  most  be  son^t 
in  8[iccial  treatises  upon  micro-chemistr)*.^  The  list  and  the 
general  rules  here  given  will  serve  for  noost  investigations. 

VJ,  It  is  best  to  tr}'  first  a  ver}'  small  amount  of  the  reagent, 
and  carefully  note  its  effect  before  adding  more.  If  it  is  neoes- 
uar}'  to  increase  the  amount,  draw  a  little  through  by  means  of 
bibulous  paper,  as  previously  directed.  Many  reagents  are  slow 
in  producing  their  effects.  Hence  some  time  must  be  allowed  to 
ehiime  Ixsfore  one  reagent  is  replaced  b}*  another,  and  it  is  well 
in  noma  cases  to  apply  slight  heat  to  accelerate  or  increase  the 
ar.'tion  ;  but  this  must  be  very  cautiously  done. 

20.  If  one  reagent  is  to  be  followed  b}'  another,  attention 
muht  be  given  to  the  effects  which  the  reagents  have  upon  each 
otlier,  or  u\Hm  the  medium,  as  well  as  u|x>n  the  specimen.  For 
iuHtunce,  Hmall  dark  crystals  of  iodine  separate  fVom  an  alcoholic 
solution  wlien  this  is  brought  into  contact  with  water.  Removal 
of  the  cover-glass  is  advised  in  all  cases  where  one  reagent  is  to 
Ik;  woslied  out  before  the  application  of  a  second,  or  where  one 
is  U)  l>e  immediately  followed  b}'  another,  provided  the  specimen 
is  n(it  HO  delicate  as  to  be  disturbed  bj*  it.  Some  parts  of  the 
sptM'imen  are  apt  to  escape  action,  if  the  washing  or  the  Intro- 
du('ti(in  of  several  reagents  in  these  operations  is  conducted 
without  lifting  the  cover;  but  b}'  the  exercise  of  great  care 
iKith  tiiene  operations  ma}'  be  carried  on  successful!}'  b}'  the  use 
of  bi))tilouH  pa|)er  without  removing  the  cover-glass. 

21.  Owing  to  their  im|X)rtance,  potash  and  iodine  are  de- 
HcrilNul  first.  The  other  reagents  are  given  in  alphabetical 
order,  for  convenience  of  reference. 

22.  Potash^  Potaaaic  hydrate^  Caxiatic  potassa^  arc  names 
inU'rclinngeabl}'  given  to  white  solid  potassa  and  to  its  solutions. 
Thin  Hubstancc  absorbs  carbonic  acid  so  eagerl}'  from  the  air, 
that  it  must  l>c  kept  in  glass-stoppered  bottles.  To  prevent  the 
stoppers  from  becoming  fastened  b}'  the  action  of  the  alkali  on 
the  ^laMH,  it  is  well  to  smear  them  with  vaseline  or  parafUn. 

2.'J.  Solutions  of  two  strengths  are  used.  I.  Concentrated. 
Solid  |)otassa  is  dissolved  in  the  smallest  amount  of  water  (not 
far  from  half  its  own  weight)  by  which  it  will  become  liquid. 
TliiH  druHc  83Tup3*  liquid  is  too  strong  for  ordinar}'  use.  II.  A 
con)nK>n  solution  made  with  one  part  of  solid  potassa  in  three, 

*  CoiiHult  the  following :  Botanical  Micro-Chemistry,  by  Poulsen,  translated 
l>y  Tioleaue  (('assino,  Boston),  1884.  Hilfsbuch  by  Behrens  (Schwetschke, 
BrauuiK^liweig),  1884. 
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ft,  or  ten  parts  of  ivater,  depending  upon  tbe  paiticular  case  J 
I  wtiich  it  is  to  be  used. 
:S4.  For  use  as  a  macerating  agent  in  separating  cells,  a  strong  I 
hititin  is  preferable,  and  is  more  ellicient  whtn  it  is  slightly  I 
For  diaaoU'iug  or  rendering  transparent  most  of  tlie  [ 
jnteuta  of  cells,  more  dilute  solutions  ai'e  better.  Owing  to  the  | 
mjit  effett  j)roduoed  on  tbe  ci'li-wall,  and  upon  tbe  contents  I 
J  cells,  espcciiLlly  of  j'oiing  ones,  a  moderately  strong  solution  , 
fepotaasa  is  tlie  most  useful  clearing  agent  that  wc  have.  Alter  1 
a  of  tissue,  for  instance  an  embryo,  lias  been  actod  on  by  I 
lolution  of  |>otn3sa  unLil  it  has  become  translucent,  it  id  to  be  j 
^tiously  subjected  to  the  action  of  an  acid,  preferably  acetic  I 
i  hjxlrochlnric,  and  then  washed,  A  second  treatment,  or  even 
lllird,  may  L>c  iieeessaiy  to  make  tbe  object  euffieiently  clear, 
tnetimcs,  however,  the  potossa  renders  tbe  tissues  too  nearly  I 
isparent,  in  which  case  they  may  be  slightly  clouded  by  a 
'  atucn-water.  This  process  of  clearing  tissues  was  first  j 
I  by  Hausteiu  in  the  esaminatiou  of  the  tissues  at  points  of  I 
iwth,  and  it  is  of  very  wide  applicability. 

.    Some   structures   are   darkened   at   Ilrst  by    the  use  of  1 
issa,  but  cautious  treatment  afterwanis  with  a  dilute  acid  ^ 

■ond  up|)lication  of  potossa  will  generally  produci 
1  degree  of  transparency. 

I'otassa  is  a.  solvent  for  many  of  the  substances  which  I 
{ncru:jt  the  cell-wa!l,  but  in  most  cases  the  solutions  must  be 
used  warm ;  in  a  few  instances  heated  even  to  boiling.  The 
oell-wall.  washed  afV^r  such  treatment,  will  give  the  cellulose 
tctious  (see  145).  Sulterin  can  thus  be  removed  from  tbe 
ll-wnlls  of  cork,  forming  with  the  potassa  yellowish  drops. 

.   As  the  aqueous  solution  of  potassa  causes  considerable 
ellirig  of  the  cell-wall,  it  is  desirable  to  have  also  at  hand 
i  alcoholic  solution.      This  is  best  made  by  mixing  95  |>er    i 
■t  alcohol  with  a  strong  aqueous  solution  of  potassa  until  a 
idlness  ap|tears.      The  mixture  is  then  to  be  shaken  fre- 
quently, and,  after  a  day  or  so,  the  clear  liquid  above  is  to  be  , 
carefully  poured  off.     This  solution  may  be  diluted  with  alcohol 
if  necessary.' 

Solutions  of  caustic  soda  can  replace  potassa  in  most 
I  the  foregoing  reactions.     The  special  cases  in  which  these 
ire  employMl  for  the  identification  of  cei^tain  contents   , 
will  be  described  later. 
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29.  Iodine.  This  element  is  only  very  slightl}'  soluble  in 
pure  water.  Upon  exposure  to  strong  light,  however,  a  some- 
what larger  amount  of  iodine  passes  into  solution  after  a  while, 
owing  probably  to  formation  of  hj'driodic  acid.  If  it  is  neces- 
sary to  examine  the  effect  of  iodine  alone,  as  in  certain  parts  of 
Lichens,  a  fresh  solution  should  be  used.  In  fact,  it  is  recom- 
mended that  in  such  cases  a  minute  fragment  of  solid  iodine  be 
placed  in  pure  water  under  the  cover-glass  at  the  moment  of 
examination. 

30.  But  for  all  ordinary  examinations,  a  solution  of  iodine  in 
water  which  contains  iodide  of  potassium  is  used.  The  propor- 
tions employed  vary  widely.  A  convenient  strength  is  obtained 
by  dissolving  one  gram  of  iodine  and  ^ve  grams  of  potassic 
iodide  in  enough  water  to  make  one  hundred  cubic  centimeters. 
Even  this  solution  is  too  strong  for  some  purposes.  In  a  few 
cases  a  different  solution  is  advised,  made  by  dissolving  five 
centigrams  of  iodine  and  twenty  centigi*ams  of  potassic  iodide  in 
fifteen  grams  of  water. ^  But,  in  general,  dilute  solutions  are 
preferable. 

31.  A  solution  of  iodine  and  iodide  of  potassium  in  gh'ce- 
rin  is  employed  by  some.  An  alcoholic  solution  is  sometimes 
useful. 

32.  Iodine  is  a  characteristic  test  for  starch,  to  which  it 
imparts  a  blue  color,  depending  for  its  depth  chiefly  upon  the 
strength  of  the  solution.  Iodine  in  absolute  alcohol  gives  with 
dry  starch  a  brownish  color ;  if  the  alcohol  is  not  absolute,  that 
is,  anh3'drous,  a  blue  color  is  given  as  with  ordinary  aqueous 
solutions. 

33.  In  most  cases  cellulose  is  colored  pale  3'ellow  to  deep 
brown  by  iodine.  If  the  specimen  is  acted  on  by  concentrated 
sulphuric  acid,  either  just  before  or  just  after  the  application 
of  the  iodine,  a  blue  color  appears.  This  reaction  for  cellulose 
is  disguised  by  various  incrusting  matters,  which  can  be  removed 
by  strong  acids  or  alkalies ;  after  their  removal  the  washed 
specimen  will  give  the  characteristic  cellulose  reaction  (see  also 
143). 

34.  Iodine  and  a  metallic  iodide  in  a  strong  solution  of  chlo- 
ride of  zinc  form  a  \Qry  useful  reagent  for  cellulose,  to  which  a 
blue  color  is  given.  The  reagent  is  easily  made  by  dissolving 
pure  zino  in  concentrated  hydrochloric  acid  until  there  is  no 
further  action  of  the  acid.     The  solution,  with  a  little  metaUic 

1  Poulsen. 
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2inc  EtUI  nadissolvcd,  is  to  be  evaporated  to  a  s3Ttip;  cnnsist- 
«iice.  Batunitcd  with  potassiu  iodide,  itiid  lastly  cnuugli  pure 
iodine  added  to  render  tlie  whole  a  deep  red  or  brown.  Cell- 
walU  that  have  incniBting  matters,  Tor  instance,  cork-cells  and 
most  wood-cells,  arc  turned  yellow  by  Ibis  reagent.  It  is  known 
lis  Sehulzc's  reagent.  Behreos  advises  the  preparation  of  modi- 
Gmtiona  of  Ibis  important  reagent,  all  depending  on  the  relative 
amount  of  iodine  and  the  degree  of  dilution.  A  little  practice 
in  their  use  will  suggest  the  cases  to  which  each  is  specially  i 
applicable.  Solutions  of  iodine  color  protoplasm,  and  other  J 
albuminoid  bodies,  yellow  to  deep  brown. 

35.  Owiug  to  the  tendency  of  iodine  solutions  to  form  hydri- 
odio  acid,  it  is  recommended  by  many  authors  that  they  be  kept 
out  of  the  light ;  but  this  precaution  is  not  necessary  imtess  the 
investigation  calls  for  pure  iodine  alone ;  in  such  a  case  it  is 
belter  to  use  only  freshly  prepared  solutions. 

The  following  reagents  are  arrangcii  in  alphabetical  order. 

36.  Acetic  acid.  Ghicial  acetic  acid  diluted  by  two  or  four 
|>arts  of  water,  ur  the  ordinar}'  eoncentrated  acid  of  the  shops,  is 
nswl  (I)  to  neulroliKC  the  alkali  in  Ilanstcin's  method  (see  24)  ; 
(2)  to  discriminate  between  oxalates  and  carbonates,  the  latter 
dissolving  with  cfTcrvescence  in  it,  the  former  remaining  un- 
changed in  it,  but  dissolving  quietly  in  hydrochloric  acid  ;  (3)  in 
the  study  of  the  nucleus. 

37.  Alcohol.  Common  strong  alcohol,  or  the  so-called  "95 
p»r  cpnt,"  is  widely  cm|)loyed  for  the  presen-ation  of  micro- 
scopic material.  In  it  soft  tissues  become  hardened.  This  is  a 
grvnt  advantage  in  the  case  of  specimens  which  arc  too  yielding 
to  bo  cleanly  cut  when  IVesb.  If  it  is  desirable  to  again  solten 
tissues  wluch  have  been  hardened  by  the  action  of  alcohol,  it  is 
merely  necessary  to  soak  them  for  a  short  time  in  water,  when 
they  will  assume  nearly  the  consistence  Ihej'  had  when  fresh. 
Tilts  reagent  produces  certain  marked  changes  in  the  contents  of 
r^etable  cells :  the  protoplasmic  matters  become  more  or  less 
shrunken,  many  oils  and  fats  are  dissolved,  and  certain  sub- 
stances  iu  solution  in  the  cell-sap  are  separated  out  (see  183). 

38.  The  air  which  occurs  in  intercellular  spaces  and  in  all 
drj'  specimens  is  generally  removed  with  ease  by  the  action  of 
aloohol,  especially  if  a  little  heat  is  applied. 

39.  Alcohol  is  of  use  also  in  the  preparation  of  some  of  the 
staining  agents. 

40.  Absolute  alcohol  contains  only  the  merest  trace  of  water. 
Ilenoe  it  must  be  used  instead  of  ordinarv  alcohol  whenever  the 
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specimen  is  affected  by  water,  as  is  the  case  with  mncilagi- 
nous  tissues,  crystalloids,  etc.  As  a  reagent  for  use  under  the 
cover-glass  it  is  more  satisfactory  than  common  alcohol,  but 
in  keeping  it  the  greatest  care  must  be  exercised  to  exclude 
moisture. 

41.  Alum.  Either  potash-  or  ammonia-alum  may  be  used  to 
diminish  the  transparenc}'  of  cells  which  have  been  acted  on  by 
potassa  (see  24).  Alum  is  a  mordant  in  some  of  the  processes 
for  staining  (see  98) . 

42.  Ammonia.  Aqueous  ammonia  may  replace  the  fixed 
alkalies,  potassa  and  soda,  but  possesses  no  advantage  over 
them  except  in  its  somewhat  slower  and  less  violent  action. 
For  its  use  in  the  examination  of  albuminoids,  see  125.  Its 
principal  use  in  raieroscop}'  is  in  the  preparation  of  certain 
staining  agents  (see  77)  and  cuprammonia. 

43.  Anilin  chloride.  Dissolved  in  alcohol,  this  reagent  im- 
parts a  pale  yellow  color  to  lignified  cell-walls.  Upon  addition 
of  hydrochloric  acid,  the  color  is  much  deepened.  This  is  Uohnel's 
test  for  lignin. 

44.  Anilin  sulphate.  This  substance  in  aqueous  or  alcoholic 
solution  gives  to  lignified  cell-walls  a  pale  yellow  color,  which  is 
much  deeper  when  the  reagent  is  followed  by  sulphuric  acid,  — 
Wiesner's  test  for  lignin. 

45.  Argentic  nitrate^  or  nitrate  of  silver,  in  extremely  dilute 
alkaline  solution  freshly-  made,  has  been  recommended  for  dis- 
criminating between  living  and  dead  protoplasm,  the  former 
turning  dark,  the  latter  remaining  unchanged  (see  details  in 
Part  II.). 

4G.  Asparagin.  A  concentrated  solution  of  aspara^n  is 
suggested  hy  Borodin  for  the  recognition  of  asparagin  itself 
when  its  crystals  have  been  formed  in  tissues  blanched  by  dark- 
ness. 

47.  Auric  chloride^  long  used  for  staining  preparations  in 
animal  histology,  has  been  somewhat  employed  for  coloring  the 
cells  of  certain  lower  plants,  and  in  the  same  manner  as  argentic 
nitrate,  for  detecting  the  condition  of  protoplasm. 

48.  jDenzol  is  a  powerful  solvent  for  various  vegetable  fats 
and  resins.  It  is  also  used  for  the  preparation  of  benzol-balsam 
(see  112),  and  in  dissolving  paraffin  (see  8). 

49.  Calcic  chloride.  Treub  employs  this  for  clearing  tis- 
sues. The  fresh  section,  after  having  been  moistened  by  a 
little  water,  is  covered  with  dry  powdered  chloride,  warmed 
until  it  is  about  dry,  and  afterwards  placed  in  a  little  water. 
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From  this  it  is  to  bo  transferred  to  gljcerin,  where  it  aoon 
becomes  clear,' 

50.  Calcic  fit/pochlorite  in  aqueoiia  solution  bleaches  many 
tissues  without  the  use  of  an  uciil,  but,  in  general,  6|>Goimen9 
which  have  been  subjected  to  its  acliou  arc  more  thoroughly  de- 
ctdorizi^d  if  they  are  subsequently  placed  iu  dilute  hydrochloric 
acid,  washed  in  pure  water,  and  finally  transferred  to  glycerin. 
I'rriuiratioiis  vrhicli  have  been  bleached  by  this  method  arc  easily 
colored  by  some  of  the  staining  agents  described  on  page  15. 
Sodiu  hyiwehlorite  may  regilace  it  in  all  eases. 

51.  Carbon  ditttlphiJe  is  used  as  a  sf>lvent  for  fals. 

62.  Cardolic  acttl,  or  phenol,  dissolved  in  the  least  quantity 
of  concentrated  hydrochlorie  acid  which  will  lake  it  up,  gives 
a  gn-en  ciilur  with  lignifled  cells,  It  is  better  to  add  to  a  few 
drops  of  tlie  strongest  hydrochloric  acid  a  small  iiuantity  of 
crA'stallised  phenol,  warm  the  mixture  slightly,  anil  upon  its 
ouoling  add  enough  acid  to  remove  any  cloudiness. 

bS.  Chlnrul  hydrate  in  aqueous  solution  is  recommended  by 
Arthur  Meyer'  ns  n  clearing  agent.  Two  parts  of  water  fliii 
addt^l  to  five  parts  of  chloral,  and  used  somewhat  aliove  tlie 
temperature  of  1^°  C. 

54.  Chromic  avid.  The  pure  acid,  in  strong  solution,  acts 
promptly  on  wll. walls,  dissolving  all  except  those  which  are 
Btticilied  and  those  which  are  cutinized.  Even  the  latter  yield 
to  proluDgcd  action.  If  tlic  solution  is  more  dilute,  the  action 
goes  on  only  su  far  ns  to  cause  swelling  of  the  cell-wall,  bring- 
ing out,  in  special  cases,  a  very  distinct  stratification.  Solutions 
which  are  so  dilute  as  to  be  merely  pale  yellow  cause  hardening 
of  Boit  tissues,  and  this  acid  therefore  forms  an  excellent  adju- 
vant to  alcohol  for  this  purpose  (see  Part  II.). 

55.  Cii/traminonia.  To  a  solution  of  cupric  sulphate  add 
enough  soda  (or  potassa)  to  produce  a  precipitate.  After 
removal  of  tlic  excess  of  liquid  by  filtration,  place  the  precipitate 
in  a  flask,  wash  once  wiili  water  which  has  been  freed  fVom  air  by 
boiling,  and  then  dissolve  the  mass  in  the  least  quantity  of  con- 
oentrated  ammonia  which  will  take  it  up.  The  fVeshly  prepared 
solution  should  act  promptly  on  delicate  fibres  of  cellulose, 
cotton  fur  exam[jle,  causing  them  to  swell  and  apparently  paas 
into  solution.      Lignifieil  and  cutinized  cell-walls  ore  not  acted 


'  FUtiBuh:  AccroiuciDeDt  tenninal  lie  la  ra 
*  Bat,  ChloropbjUkorD,  Leipzig.  1883. 
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upon  until  the  foreign  matter  has  been  removed  by  the  agents 
previouslj'  spoken  of  (see  26). 

This  reagent,  known  as  Schweizer's,^  possesses  its  chief  in- 
terest from  the  fact  that  it  is  tlie  only  liquid  known  in  which 
cellulose  appears  to  dissolve  without  essential  change  of  compo- 
sition. It  has  a  limited  application  in  the  discrimination  of 
fibi*cs  used  in  the  arts. 

56.  Cupric  acetate  in  aqueous  solution  is  used  as  a  preparatory 
liquid  for  the  examination  of  resins.  The  part  to  be  examined 
is  kept  in  a  concentrated  solution  for  some  daj's,  and  sections 
ai'C  then  made  from  it.  If  certain  resins  are  present,  they  will 
appear  of  a  green  color.  The  above  is  Franchimont's  test  based 
on  a  reaction  discovered  bj'  Unveixlorben.* 

67.  Cupric  sulphate  in  saturated  aqueous  solution  is  used 
for  the  detection  of  certain  carbohj'drates  (see  184)  and  albumi- 
noidal  matters  (see  124).  Commercial  blue  vitiiol,  recrystallized 
two  or  three  times,  will  answer  for  all  ordinary  cases. 

68.  Ether  is  used  as  a  solvent  for  fats,  etc. 

59.  Ferric  c/doride  in  aqueous  solution  was  formerly  recom- 
mended as  a  test  for  the  tannins ;  *  tlie  tannin  of  oak-bark  be- 
coming bluish-black  ;  that  in  tlie  leaves  of  the  sumach,  greenish- 
black.  But  tlie  distinctions  are  not  constant.  Ferric  acetate 
and  sulphate  are  now  more  generally  used  than  tlie  chloride  as 
a  test,  and  are  bettor. 

60.  Glycerin.  0\\\y  the  purest  glycerin  should  ever  be  em- 
ployed in  microscopic  examinations.  The  following  arc  among 
the  most  important  of  its  many  applications:  1.  In  clearing 
specimens.  It  is  used  not  only  as  an  adjuvant  in  the  Ilanstein 
and  other  methods  of  clearing,  but,  in  man}*  cases,  it  serves  well 
without  an}-  other  reagent.  2.  To  cause  withdrawal  of  water 
from  fresh  cells,  the  degree  of  effect  depending  on  the  strength 
of  the  glycerin.  3.  In  the  examination  of  protein  granules 
(see  176).  4.  As  a  test  for  inulin ;  this  substance  separates 
sooner  or  later  in  the  form  of  sphierocrystals.  6.  As  a  solvent 
for  iodine  (see  31). 

61.  JlijdrocJdoric  acid.  Pure  concentrated  acid  is  one  of  the 
most  satisfactory  agdnts  for  the  maceration  of  woody  tissues. 
Wlien  dilute,  it  ser%'es  for  the  discrimination  Iwtween  carbonates 
and  oxalates,  the  former  dissolving  with  effervescence,  the  latter 


1  Schweizer:  Vierteljahrssohrift  natiir.  Cles.,  Zuiich,  1S57. 

«  Bohrcns:  Hilfsbuch,  p.  377. 

■  Watta's  editiou  of  Fownes's  Chera.,  p.  672. 
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ilhout.  It  must  be  renienibei-ed  tbat  acetic  acid  disaolvea 
cnrljoimtea,  but  not  oxalates  (see  36). 

This  acid  has  bwn  used  by  Pringaheim '  in  the  study  of  ' 
clilHroiibyU  grains;  rresh  seetioiia  of  tissuca  contuitiitig  chloro- 
phyll being  exposed  lo  tlie  action  of  the  acid  for  some  hours. 
Prom  the  graina,  minute  spheres  of  a  brownish  color  become 
newly  detaehed,  and  these  afterwards  appear  as  cluaters  of 
liar  crj*8t4ib  (see  Pait  II.).  Hydrochloric  acid  is  also  of 
ill  the  examination  of  some  protein  matters  (see  124). 
Imtol  (Nlggl's  test"  for  lignin)  is  used  in  nn  aqueous  so- 
I,  The  specimen,  subjected  to  the  action  of  the  solution  for 
a  few  minutes,  is  transferred  to  sulphuric  acid  of  specific  gravity 
1 .2  (iua<le  by  adding  one  part  of  concentrated  acid  to  four  parts 
of  water).     Lignilled  structures  become  red. 

63.  Mercuric  cfUoride,  at  corrosive  sublimate,  dissolved  in 
fifty  [larta  of  absolute  alcohol  renders  protein  grains  insoluble 
in  water.  Pfeffer'  recommends  that  the  apccimon  should  remain 
in  this  reagent  at  tcaal  twelve  lionra,  I)ipi)cl*  usea  a  dilute 
aqueous  solution  (1  in  500)  to  render  visible  the  currents  in  the 
moet  delicate  threads  of  protoplasm  (and  for  the  demonstration 
of  the  nucleus  without  affecting  the  other  contents  of  the  cell). 

64.  Jifilhn't  r&igent,  commonly  called  acid  nitrate  of  mercury, 
b  best  prepared,  according  to  its  discoverer,  by  pouring  upon 
pure  mercury  its  own  weight  of  concentrated  nitric  acid.  For 
a  short  time  tlie  action  is  violent;  when  it  subsides  a  little, 
g*ntl_v  warm  the  liquid  until  the  metal  is  completely  dissolved. 
The  solution  is  immediately  diluted  by  twice  its  volume  of  pure 
water.  After  a  few  hours  the  liquid  is  to  be  decanted  from  the 
crystalline  mass  which  has  formed,  and  it  is  then  ready  for  use.' 

This  reagent  is  more  eflicient  when  fl-cshly  made. 
Albuminoid  substances  are  colored  red  by  this  reagent  even 
in  the  cold,  but  much  more  readily  upon  tlie  application  of  heat. 
According  to  Millon,  the  reaction  is  due  to  the  presence  in  the 
of  both  mercuric  nitrate  and  nitrite, 
lis  reagent  baa  been  employed  for  the  demonstration  of  the 
tificBtion  and  spiral  striation  of  certain  cell-wails. 

Jfilric  acid  gives  to  protein    matters  a  yellow   color, 
is  intensified  upon  the  subsequent  use  of  ammonia.    The 


Vrinphcim'B  JahrWiche 
Flora,  1881,  p.  545.  Ms 
Priii((9l]eiin'a  Jshrhucliir,  viii.  p.  441. 
Dippel:  Dm  Mikroskop,  i,  p.  281. 
Quoted  from  Behrens:  HilTsh.  p.  247. 
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same  treatment,  especiallv  if  the  slide  is  slightlj  warmed,  colors 
the  H>called  intereellalar  sobstance  yeUow.  The  acdd  is  also 
ased  as  a  test  for  suherin  (see  loS). 

06.  Otrnic  acid  (perosmic  acid)  is  veiy  volatfle,  and  there- 
fore is  best  preserved  in  sealed  glass  tubes  ontil  wanted  for  use, 
wlien  the  tabe  can  be  broken  under  water.  Even  from  the  aqae- 
oiis  solution  the  irritating  acid  escapes  in  small  amount,  render- 
ing it  a  disagreeable  reagent  to  work  with.  The  s<^utions  are 
UiHiinllv  of  one  per  cent  strength. 

Oils  are  colore<1  brown  h\  the  reduction  of  the  acid  to  me- 
tallic ofiminm  on  the  surface  of  the  drops.  Living  protoplasm 
is  killer]  at  once  by  even  dilute  solutions  of  this  acid,  and  there 
is  usually  more  or  less  discoloration  of  the  different  parts. 
]Icn(*e  it  is  a  useful  agent  for  arresting  the  processes  of  cell- 
division  and  growth  at  any  desired  stage.  Advantage  is  some- 
times gained,  according  to  Poulsen,^  by  the  combination  with  it 
of  chromic  acid. 

07.  Phenol  (see  carbolic  acid,  52). 

08.  Phloroglucin^  used  by  Wiesner  as  a  test  for  lignin.' 
The  8i>ecimeii  is  first  acted  on  b}'  hydrochloric  add,  and  then 
hkmsUmuhI  by  a  solution  of  phloroglucin  in  water  or  alcohol.  If 
the  (*ell-walls  are  lignified,  they  will  at  once  assume  a  red  color. 
Iliihnel '  sujrgests  the  employment  of  a  strong  decoction  of  cherry 
wood  instead  of  tlic  phloroglucin.  Used  in  the  same  waj',  it  im- 
parls a  violet  color  to  liguified  cells.  This  test  is  hardly  so 
pnlisnu'torv  as  the  other. 

(»9.  /*<i(asitic  bichromate  in  aqueous  solution  is  used  to  harden 
tJMMiieH,'  and  is  al)out  as  good  as  cliromic  acid.  It  has  been  also 
employed  by  Sanio*  for  the  detection  of  tannin. 

70.  Potiisaic  chlorate^  used  with  nitric  acid,  is  the  most  con- 
venient mncvrating  agent.  If  a  few  small  crystals  of  this  salt 
Mie  ndded  t<»  a  little  concentrated  nitric  acid  in  a  test-tube  con- 
fnhihiir  n  (Vnpnent  of  wood,  and  the  liquid  is  carefully  warmed, 
\lii)inl  netion  begins  somewhat  lielow  Uie  point  of  boiling,  and 
the  ^\ood  In  speedily  disintegrated.  By  selecting  acid  of  the 
iltrhi  »4in<fi^ih,  find  by  ean»nd  regulation  of  the  heat  applied,  the 
Ml  (loll  tif*  the  li(|Mid  can  Ix;  kept  well  under  control,  so  that 
idnioni  finy  ile^ree  of  notion  can  Ix;  obtained.  It  is  not  safe  to 
nHi>  HiIm  lenient  In  the  nnmi  where  delicate  apparatus  is  kept, 

*  MikhH'li(*mif«,  )K  19. 

*  Hiuun»(^linr.  Aknd.  Wicn,  1878,  p.  60. 
■  III.  1N77,  p.  rtHft. 

*  lli»t.  /«oltutift,  1863,  p.  17. 
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t  the  gases  evolved  act  upon  metals.     Tbis  is  Sehulzc'a 
niBceniting  proeesa. 

(1.   PolaKnic  nitrate,^   used  in   tlie  examinalion  of  proto- 
(see  Part  II.). 
'..   Roaolic  acid,  or  cornllin,  dissolved  in  water  containing  a 
of  sodic  earbonate,  forms  a  purple  fluid  whieli  colors  vege- 
tnueus  red.     It  is  used  also  to  demonstrate  tlie  structure  of 
■tiasae.* 
I.   iSc/nneizfr's  reaijent  (see  cnpraminoiiia). 
I.    iSodic  chloride  (common  salt),  used  in  aqueous  srilutioa 
examination  of  protoplasm  (see  120). 
Hugar.    Cane  sugar  dissolved  in  water  to  form  a  thick 
\a  allowed  to  act  for  some  lime  on  tissues  containing  pro- 
im :  a  di'op  of  concentrated  sulphuric  acid  is  then  placed 
uliJL'ct,  nlien  tlie  protoplasm  will  take  on  a  faint  rose-red 
%    The  renetion  is  uncertain. 

Sulphuric  acid.  Pure  concentrated  acid  is  used  as  an 
nt  ill  many  tests,  e.  g.,  with  inline  solulions  in  the  identi- 
fltation  of  eellulose,  but  it  is  also  of  great  use  by  itself  in  lireak- 
iog  down  cellulose.  By  it,  a  cellulose  wall  can  be  destroyed 
wiliioul  ilestruetion  of  the  protoplasm  within  (see  141). 

TT.  Staining  agents.  A  few  of  the  chemicals  in  the  foregoing 
list  impart  to  certain  tissues,  and  certain  contents  of  cclb,  colors 
which  have  a  good  degree  of  ptraianence  when  the  si^ecimens 
arc  prcser^'cd  in  a  suitable  medium.  But  the  colors  produced 
by  must  reagents  are  fugitive,  and  sen-e  only  a  tempornrj-  pur- 
Whcn,  therefore,  it  is  desirable  to  sLiin  or  tinge  a  given 
of  a  s[>ecin>en  pcrmanentlj',  recourse  must  be  Lad  to  dyes 
do  not  rewlily  fade. 

Some  of  these  have  been  long  in  use  in  Vegetable  His- 
for  the  purpose  of  preparing  attractive  specimens  for  the 
demonstratiou  of  tissues,  but  it  is  only  within  a  recent  period  that 
they  have  been  successfully  employed  in  the  study  of  celUdivi- 
aion.  In  the  e.xamination  of  the  changes  which  take  place  in 
the  interior  of  cells  during  division,  they  are  indispensable :  in 
the  examination  of  the  tissues  themselves,  their  use  is  far  from 
aalisfaetory.  As  will  be  s|)ecially  shown  later,  the  chemical 
ditfereDccs  between  the  cell-walls  of  certain  tissues  which  it  is 
desirable  to  distinguish  from  each  other  under  the  microsco|}e 
ue  not  very  great,  and  they  ot\cD  behave  alike  as  respects 
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staiiung  agents.  Hence  it  is  impossible  to  lay  down  rules 
which  will  apply  to  all  cases  in  which  tissues  are  to  be  stained : 
the  staining  of  the  nucleus,  however,  can  be  readily  secured  by 
following  the  explicit  directions  given  in  the  chapter  on  ^^  Cell- 
growth." 

79.  Of  the  whole  class  of  staining  agents,  it  may  be  said  that 
exposure  to  strong  light  diminishes  the  brilliancy*  of  the  coloring 
they  produce  in  the  specimen,  and  in  many  cases  completely 
destroj's  it  In  general,  the  staining  obtained  by  allowing  the 
6|x^cimen  to  remain  for  a  long  time  in  a  dilute  solution  of  a 
dye  is  more  satisfactory  than  when  a  stronger  dye  is  used  with 
haste. 

80.  Carmin.  Two  grades  are  readily  procurable  in  this  coun- 
try;  namely,  (1)  "  No.  40,"  (2)  "Orient."  The  former  is  the 
clieapcr,  and  will  answer  for  all  cases  described  in  this  treatise ; 
but  attention  must  be  called  to  the  fact  that  it  is  sometimes 
adulterated,  and  hence  it  may  be  found  necessar}-  to  change  the 
proi)ortions  given  in  the  following  formulas.  A  good  carmin, 
even  of  the  grade  first  mentioned,  should  leave  only  little  residue 
when  placed  in  strong  ammonia.  If  more  than  a  trace  of  resi- 
due is  found,  the  amount  of  carmin  in  the  formula  must  be 
proportionately  increased. 

81.  Ammonia-cannin.  Pure  powdered  carmin  is  rubbed 
up  with  a  little  water  to  form  a  thin  paste,  enough  strong  am- 
monia to  dissolve  it  is  cautiouslj*  added,  and  the  whole  is  then 
filtered.  The  filtrate  is  to  be  evaporated  slowly  over  a  water- 
bath.  The  dried  mass  dissolves  readily  in  water,  forming  a 
clear  liquid  which  keeps  well ;  but  it  is  better  to  preser\'e  the 
mass  in  a  tightly-stoppered  bottle,  dissolving  it  only  as  required 
(Ilartig's  cariuin).^ 

82.  A  modification  of  this  canuin  is  made  as  follows :  .2  to 
.4  gram  of  carmin  is  shaken  up  with  30  c.  c.  of  water,  and  a 
few  drops  of  ammonia  added.  A  part  of  the  carmin  dissolves, 
and  is  to  be  filtered.  If  the  filtrate  smells  strongly  of  ammo- 
nia, it  is  allowed  to  stand  for  half  a  day  under  a  bell-jar.  A 
drop  of  ammonia  will  re-dissolve  any  slight  trace  of  carmin 
whicli  may  separate.  This  fluid  is  to  be  added  to  water,  drop 
by  drop,  until  the  right  color  is  obtained  (Gerlach's  ammonia- 
carmin).^ 

83.  If,  to  the  filtrate  last  mentioned,  80  grams  of  glycerin 

^  Dippel :  Das  Mikroskop,  i.  p.  284. 
*  Bebrens :  Uilfsbucb,  p.  257. 
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■Md  10  grams  of  strong  alcohol  are  added,  a  liquid  is  obtained 
whidi  in  known  as  Frcj's  glycerin-carmin. 

64.  Btale'a  carmtn  in  nearly  Iho  same.  Ten  grains  of  carmin 
ftTO  plaocti  in  a  test-tube,  and  half  a  drachm  of  strong  ammonia 
added ;  the  mixture  is  shaken,  and  gently  heated  over  a  spirit- 
hunp.  The  solnt4on  is  to  bo  boiled  for  a  few  seconds  and  then 
dlowpd  to  cool.  In  an  hour  two  ounces  of  glyeorin  and  two 
ounces  of  water  are  to  be  added,  together  with  half  an  ounce  of 
ikloobol;  the  liquid  is  then  filtered.' 

85.  Tfiitrsc/i's  bomx-carmin.}  2  grams  of  borax  are  dis- 
■olvcd  in  28  c.  c.  of  distilled  water,  and  .5  gram  of  carmin 
Added.  The  solution  is  next  mixed  with  GO  c.c.  of  absolute 
•leobol,  and  filtered. 

9G.  Thiersch's  (Kfalie-acid  carmin.'  1  gram  of  cnrmin  is 
dlMKilred  in  1  c.  C.  of  ammonia  and  3  c.c.  uf  water.  Another 
•oltitiun  is  prepared  by  dissolving  8  grams  of  crystallized  oxalic 
Hid  in  IT'*)  c.c.  of  water.  The  two  solutions  are  then  mixed, 
16  c.c.  of  absolute  alcohol  added,  and  the  whole  Glti^red.  This 
liquid  la  violet  when  ammonia  ia  in  excess ;  orange,  if  too  much 
oxalic  acid  is  present. 

87.  Grenadier's  ahim-narmin.*  Carmin  ia  dissolved  in  a 
solution  of  potash-alum  or  ammonia-alum  until  the  required 
color  is  obtainetL  This  has  been  modified  by  Tangl  as  follows  : 
To  a  saturated  solution  of  alum,  enough  carmin  is  added  to  give 
A  deep  color  (I  grm.  in  100  c.c,  of  solution),  the  whole  boiled 
for  ten  minntes,  and  Rltered  upon  cooling. 

88.  WoodKariTs  carmin.  "Pulverized  carmin  7J  grains, 
wat«r  of  ammonia  iiO  drops,  absolute  alcohol  half  an  ounce, 
glycerin  1  ounce,  distilled  water  1  ounce.  Put  the  pulverized 
carmin  in  a  test-tube  and  add  the  ammoaia.  Boil  slowly  for  a 
few  seconds,  and  set  aside  uncorked  for  a  day.  to  get  rid  of  the 
excess  of  ammonia.  Add  the  mixed  water  and  glycerin,  and 
next  the  alcohol,  and  filter." 

89.  Carmin  irith  picric  acid.  This  agent,  known  as  Ran- 
Tier's  pierocarmin.  is  made  by  cautiously  adding  to  a  concentrated 
•olntioti  of  picric  acid  enough  ammonia- carmin  solution  (81) 
to  saturate  it,  and  then  evaporating  to  ODe-Qflh  the  volume. 

1  Bn>lr :  How  to  Work  wilh  the  MicrosvQiw,  p.  125. 

■  B«luciia:  Hilfsbudi,  p.  35S. 

»  Ilclireiu:Hilfsliui^h,  |^  2S7.  In  Dippel(DusMikroako(i),p.  285,  the  pro- 
poTtioDa  are  aomewlist  diflimmt. 

'  ArcbiT.  fat  Mikrosk.  Anit,  187»,  p.  *flS.  Tangl,  in  Priogsh.  Jahrb., 
*"      ■,  1880,  p.  170. 
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Upon  cooling,  a  slight  sediment  is  deposited.  After  filtration 
from  this  sediment  the  liquid  is  eraporated  to  dryness,  and 
afterwards  dissolved  in  water  in  the  proportion  of  1 :  100. 

Another  formula  is :  1  gram  of  carmin  and  4  e.  c.  of  concen- 
trated ammonia  are  mixed  with  200  c.  c.  of  water,  and  5  grams 
of  picric  acid  then  added.  After  nearly  complete  solution  the 
clear  liquid  is  poured  off,  and  exposed  to  the  air  for  some  weeks. 
The  red  powder  left  after  this  slow  evaporation  is  to  be  dis- 
solved when  required  in  water  in  the  proportion  of  2 :  100,  and 
the  solution  filtered  through  two  thicknesses  of  filter-paper. 

Cochineal,  the  substance  from  which  carmin  is  prepared,  may 
be  used  in  aqueous  extract,  or  with  alum*  The  formula  for  the 
preparation  with  alum  is  given  as  follows :  Rub  to  a  fine  powder 
one  gram  of  cochineal  with  one  gram  of  burnt  alum ;  mix  with 
100  c.  c.  of  water,  and  boil  down  to  60  c.  c.  When  cold,  filter  the 
solution  several  times,  and  add  a  few  drops  of  carbolic  acid. 

90.  UoBmatoxylin  (a  dj'e  obtained  from  logwood)  Is  used  dis- 
solved in  alcohol,  or  alum- water,  according  to  circumstanoes. 

P^rey  gives  the  formula :  1  gram  of  hflematox3iin  is  dissolved 
in  absolute  alcohol.  This  solution  is  added,  drop  b}*  drop,  to  a 
three  per  cent  aqueous  solution  of  alum,  until  it  becomes  deep 
violet  in  color.  After  exposure  to  the  air  for  a  few  days,  it  is 
to  be  filtered,  and  is  then  ready  for  use ;  but  a  fresh  filtration 
will  be  found  necessary'  after  a  time.  Poulsen  advises  that  a 
few  droi>s  of  a  ten  per  cent  solution  of  alum  be  added  to  an 
aqueous  solution  of  hsematoxylin  (.35  gram  in  10  c.c.  water). 

Aqueous  extracts  of  several  other  dj-e-woods  can  replace 
hsematoxylin  in  some  cases,  but  they  have  no  advantage  over  it. 

91.  Picric  acid  (trinitrophenic  acid)  in  aqueous  solution  is 
valuable  for  staining  and  hardening  protoplasm.  It  may  be 
used  alone,  combined  with  carmin  (see  89),  or  with  nigrosin. 

92.  Alkanct^root  (alkanna)  in  alcoholic  solution  tinges  resin- 
ous globules  and  serves  to  prepare  for  cutting  specimens  whidi 
contain  them.     The  method  of  use  is  described  under  ^^  Resins." 

93.  The  coal-tar  colors.  Under  this  name  are  comprised  the 
anilin  derivatives  and  a  few  others  of  a  slightly  different  origin. 
Tlic  following  table  will  indicate  to  some  extent  the  changes  of 
color  which  ma}*  be  exj>ected  when  these  dyes  are  used  with 
tissues  which  have  a  marked  acid  or  alkaline  reaction.  But  it 
should  be  observed  that  the  names  of  several  of  the  dyes  are 
loosely  applied,  and  that  the  d3*es  made  by  different  manufac- 
turers are  not  always  of  the  same  character  or  strength.  All  of 
tiic  dyes  mentioned  below  are  soluble  in  water  and  alcohol. 
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Purjiln  pncliilUU, 
Durli.np.1. 

i':^x.t;!r 

o«.«  rfl,«. 

TbeWnUhdDlhKoioBl 

d«p 

Fudwoul. 

ni<i  ami  Violet  dgr. 

94.  A  solution  of  aiij'  of  the  above  dyes  consisting  of  one 
gTHin  with  enougU  wntcr  to  make  odc  hundred  cubic  centimeters, 
Klthuugli  too  strong  fur  most  cases,  is  very  convenient,  since  it 
can  pasily  be  diluted  at  will.  From  even  very  dilute  solutions 
parta  of  a  specimen,  for  instance,  a  cross-section  of  a  stem,  will 
take  op  some  of  the  color  with  more  or  less  change.  If  the 
staining  is  loo  deep,  a  part  of  the  color  cun  be  removed  by 
carefbl  washing  in  alcohol,  or  in  a  very  dilute  acid  or  alkali 
(ave  aljove  table  for  each  case). 

25.  Doublestaininff.  It  is  sometimes  possible  to  color  dif- 
ferent parts  of  a  specimen  with  more  than  one  dye ;  for  instance, 
staining  the  fibres  of  the  bark  green,  and  the  wood  of  the  same 
sjfecimi^u  red.  The  best  results  are  obtained  by  the  use  of  an 
alcoholic  solution  of  one  of  the  dies  and  an  aqueous  solution  of 
tbc  other.  Tlic  following  method  proposed  by  Bothruck '  gives 
excellent  results.  The  dies  are  Woodward's  carmin  (see  88) 
and  anilin  green  (or  "  iodine  green  ").  The  specimen  (whetiier 
bleached  by  sodic  hypochlorite  or  left  unbleached)  is  firat 
thoroughly  saturated  by  alcohol,  which  hardens  it.  and  causes 
u;tioD  of  the  contents ;  it  is  then  kept  for  a  day  in  a  dilute 


'  Bol^llli(^al  fioiette,  SoptemWr,  187B. 
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alcoholic  soIutioQ  of  anflin  green.  In  a  rofij  of  watdi-ciystals 
the  following  liquids  are  placed:  (1)  water,  (2)  Woodward's 
cannin,  (3,  4,  5)  alcohoU  (G)  absolate  alcohol,  (7)  ofl  of  cloves. 
The  specimen,  taken  from  the  green,  is  dipped  for  a  moment  in 
water,  then  for  about  a  minute  in  the  carmin,  then  successively 
through  the  alcohols,  in  each  of  which  it  remains  ten  to  twenty 
minutes,  except  in  the  first,  where  it  remains  onlj'  long  enough 
to  have  the  unfixed  carmin  washed  away.  From  the  last  alcohol 
it  goes  into  oil  of  cloves  (or  benzol),  where  it  should  remain 
long  enough  to  become  perfectly  transparent.  It  is  then  to  be 
mounted  in  balsam. 

96.  Double-staining  can  also  be  effected  by  the  successive  use 
of  haematoxjiin  and  an  anilin  color.  By  the  use  of  two  or  more 
anilin  dyes  different  parts  of  a  specimen  may  be  colored  differ- 
entl}' ;  but  as  a  rule  all  these  effects  are  uncertain,  and  cannot  be 
relied  upon  for  the  positive  identification  of  tissues.  In  general, 
however,  long  bast  fibres  take  characteristic  colors. 

97.  The  following  combinations  for  double-staining  are  rec- 
ommended by  Dr.  Stirling,^  and  though  originally*  designed  only 
for  animal  tissues,  serve  well  with  sections  of  plants:  — 

1.  Osmic  acid  and  picrocarmin.  2.  Picric  acid  and  picro- 
carmin.  3.  Picrocarmin  and  logwood  (hsematoxylin).  4.  Pi- 
crocarmin and  an  anilin  6ye.  5.  Logwood  and  iodine  green. 
6.  P>>sin  and  iodine  green.  7.  Eosin  and  logwood.  8.  Gold 
chloride  and  an  anilin  dye. 

98.  In  the  cases  which  require  special  treatment,  for  instance, 
the  staining  of  the  nucleus,  the  precautions  laid  down  must 
be  attended  to  in  order  to  insure  success.  But  in  the  ordinary 
instances  where  it  is  desirable  to  stain  a  specimen  merely  to 
bring  some  part  into  prominence  for  purposes  of  demonstration, 
the  widest  choice  in  d3-es  and  their  use  is  advised.  A  few  mor- 
dants have  been  tried  in  order  to  fix  the  colors,  but  with  little 
success.  The  best  are  tannin  in  solution,  and  aqueous  solutions 
of  an}'  of  the  alums.  A  little  practice  will  show  which  mordant 
is  b(?st  for  each  case. 

99.  Specimens  stained  by  nearly  all  of  the  above  dyes  can 
be  mounted  securely  in  balsam,  as  directed  in  section  110;  but 
glycerin  and  glj'cerin-jelly  mounts  are  apt  to  become  faded  or 
discolored  after  a  time. 

100.  Monntingr-medla.  Pollen  and  other  dry  specimens  are 
pre8er\'ed  in  shallow  cells  formed  by  a  thin  ring  of  asphalt- 

^  Joum.  Anat.  and  Phys.,  1881,  p.  849. 
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lent,  varnish,  or  whit*  lead,  allowed  to  drj-  iiparly  to  hardness, 
upon  which  a  coTer-glnss  Gts  (irmly,  and  is  retained  by  a  second 
ring  of  the  same  cement.  ITtbc  precaution  is  taken  to  have  the 
cover-glass  fit  evenly  to  the  first  lajer  of  cement,  there  is  little 
tiangur  that  the  BubBeqiient  lajer,  which  is  to  hold  the  cover  in 
pbivc,  will  creep  under  it  and  into  tbe  cell. 

101.  Glycerin,  pure  water,  calc-ie  chloride  solution,  potassic 
acetate,  and  like  liquids  may  he  used  as  mounting- media  in  cells 
prepared  in  the  manner  just  mentioned,  but  mode  of  greater 
Ihickncas.  Care  must  be  observed  to  avoid  touching  the  upper 
edge  of  the  cement  ring  with  the  liquid ;  and  yet  the  cell  must 
be  completely  filled,  in  order  to  exclude  air. 

102.  If  a  specimen  has  been  prepared  in  glycerin,  and  it  is 
not  considered  well  to  disturb  the  cover-glass,  a  cement  ring  or 
squuc  can  be  built  up  around  the  cover  at  a  liltle  distance  from 
it.  provitkd  the  glass  sUdc  is  thoroughly  cleaned  at  the  place 
where  the  cement  is  to  be  put.  After  the  requisite  numiier  of 
layers  have  hardened  sufficiently,  a  ring  of  the  same  or.  better, 
of  a  more  quickly  drjing  cement  may  be  plac-ed  across  from  the 
edge  of  the  cell  to  the  cover-glass,  to  hoUl  it  in  place.     As  this, 

drying,  will  contract  somewhat,  it  is  a  good  plan  to  place  two 

three  fragnicuts  of  thin  gl.iss  under  the  cover,  that  these 

receive  tbe  pressure  and  prevent  crushing  the  specimen. 

103.  Of  the  mounting-media,  one  of  the  l)cst  is  glycerin  and 
anrtic  acid  iu  equal  parts,  lx>ilcd  and  filtei-ed.  It  serves  well  for 
thlu-walled  specimens  (es|)ecially  in  the  lower  plants), 

104.  Specimens  of  fVesh  cells  or  of  Juicy  tissues  which  arc  to 
be  mounted  In  gljcerin  are  best  treated  in  the  manner  recom- 
mended by  Bcale.'  "The  specimen  is  first  immersed  in  weak 
glycerin,  and  tbe  density  of  tlie  fluid  is  gradually  increased, 
either  by  adding  from  time  to  time  a  few  drops  of  strong  gly- 
ccriu,  until  it  bears  the  strongest,  or  by  allowing  the  original 
weak  soluljou  to  become  gradually  concentrated  by  slow  evapo- 

his  way.  in  the  course  of  two  or  three  dajs  the 
it  and  most  delicate  tissues  may  be  made  to  swell  out 
it  to  their  original  volume  in  the  densest  gljcerin  or  syrup, 
become  more  transparent,  but  no  chemical  alteration  is 
and  tiie  addition  of  water  will  at  any  time  cause  the 
men  to  assume  its  ordinal^'  characters." 

It  b  plain  that  mounts  In  any  liquid  mnst  be  liable  to 
ry  ftt>m  displacement  of  the  cover-glass ;   but  this  can  be 


'  How  to  Work  with  tho  MicroBcope,  p,  360. 
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{mrtially  gnarded  against  by  fkBtening  to  the  apper  surface  of 
tht*  viide,  near  its  two  ends,  square  pieces  of  pasteboard  a  little 
thicker  than  the  cell  itself. 

U)0.  Olycerin^etty^  a  mixtnre  of  glycerin  with  pore  gelatin,  is 
liquid  at  the  temperature  of  boiling  water,  and  solidifies  again 
on  cooling.  Any  specimen  which  is  not  injured  by  being  slightly 
heated  can  be  mounted  satisfactorily  in  the  jelly,  provided  it 
is  first  thorough!}'  saturated  with  glj'cerin.  But  this  precaution 
is  by  no  means  necessary  in  all  cases. 

107.  A  drop  of  the  melted  jelly,  free  from  air-bubbles,  is 
placed  on  the  slide  (a  fragment  of  the  solid  jelly  can  be  melted 
on  the  slide  if  preferred),  the  specimen  placed  therein,  and  the 
cover-glass,  prcvionsl}*  moistened  slightly  on  the  under  side  with 
glycerin,  is  carefull}*  laid  on,  and  the  preparation  now  allowed 
to  cool.  When  the  jelly  is  again  hard,  a  varnish  or  cement  ring 
ma}'  be  placed  around  the  edge  of  the  cover  to  hold  it  in  place. 
AHphalt-cement  is  apt  to  impart  to  the  jelly  a  dark  tinge,  which 
may  sooner  or  later  spoil  the  mount,  and  hence  the  colorless 
varniHhcs  are  better. 

108.  The  edge  of  the  jelly  may  be  lightly  touched  with  a 
strong  solution  of  a  chromate,  for  instance,  bichromate  of  potas- 
Kiuin,  and  exposed  for  a  while  to  light.  This  renders  the  jelly 
iiiHoUible,  and  firmly  sets  it. 

109.  The  following  are  among  the  best  formulas  for  making 
thiH  useful  mounting-medium :  — 

One  part  of  pure  gelatin,  three  parts  of  water,  and  four  of 
glycerin  (Schacht,  quoted  by  Dippel).  Nordstedt  uses  the  same 
proiiortions,  and  advises  the  addition  of  a  small  piece  of  cam- 
phor or  a  drop  of  carbolic  acid,  to  prevent  moulding. 

One  part  of  gelatin  is  soaked  in  six  parts  of  water  for  two 
lionrn,  Bcven  parts  of  glycerin  are  added,  and  one  per  cent  of 
onrixilic  acid  is  added  to  the  whole.  The  mass  is  heated  for 
fifteen  minutes,  with  constant  stirring,  and  then  filtered  through 
^liiHH  wool.  All  the  ingredients  must  be  absolutely  pure  (Kaiser, 
Hot.  C'cntrbl.,  1880,  p.  25). 

The  proportions  employed  in  the  second  formula,  but  without 
tlu^  addition  of  the  carbolic  acid,  give  a  clearer  jelly ;  and  it  has 
not  been  apt  to  mould,  especially  if  the  cork  of  tlie  bottle  con- 
taining it  be  wrapped  in  a  thin  piece  of  linen,  which  has  been 
(lipped  in  dilute  carbolic  acid. 

no.  Canada  balsam.  This  is  used  either  (1)  alone,  or  (2)  in 
Nolntion.  In  either  case  the  specimen  must  be  free  from  water, 
and  permeated  by  some  liquid  easily  miscible  with  the  balsam. 
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This  is  easily  effected  by  first  eaturating  the  object  with  alcohol 
(bt^iiioiiig  in-eft-rnhly  with  dilute,  aiwl  then  using  stronger),  in 
Dnler  to  expel  all  water ;  next  placing  tlie  alcoholic  specimen 
in  oil  or  doves,  turpentiuc,  or  benzol,  until  the  alcohol  is  in 
tuni  expelled.  Tlie  specimen  thus  itermeated  is  transferred  to 
baUaia  which  has  been  previously  placed  on  the  slide.  Core 
must  always  be  taken  to  have  tlie  balsani  perfectly  fixie  from 
air-liiibbles. 

111.  When  used  alone,  the  balsam  on  the  elide  may  be 
huutttl,  to  drive  off  a  part  of  its  more  volatile,  constituents,  and 
tl)c  specimen  can  then  be  placed  in  tlic  warm  liciuid.  But  this 
metliod  is  not  applicable  when  the  specimen  is  affected  by  slif^ht 
heating ;  it  is  best  adapted  to  hard  tissucB,  like  wootls  and  fibres. 
Balsam  which  has  thus  been  heat«d  hardens  on  cooling  to  a  good 
degree  of  Krmnesa.  This  flnnnesa  is  secured  with  balsam  used 
wiUiout  heat  only  after  a  longer  lapse  of  time,  during  which  the 
wore  Tolnlilo  matters  have  escaped. 

112.  If  pure  balsam  is  cautiously  heated  in  a  capsnle  until  it 
no  longer  gives  off  vapors,  the  melted  mass  will  cool  into  a  pale 
auWr-colored  solid.  This  solid  dissolved  in  a  small  quantity  of 
benxol  forms  a  liquid  of  the  consistence  of  syrup,  which  is  useful 
for  all  mounting  where  heat  is  injurious.  The  specimcua  must 
be  treated  suc<«8Bive[y  with  alcohol  and  benzol,  and  tliey  are 
then  read}'  to  be  immersed  in  the  benzol-balsnm  on  the  slide. 
An  equally  seniceable  solution  is  made  by  dissolving  the  mass 
in  chloroform.  Chloroform- balsam  requires  the  specimen  to  be 
saturat^-d  with  chloroform  before  immersion. 

113.  In  all  the  above  cases  two  precautions  will  s.ive  disap- 
pointment: 1st.  the  slides  and  cover-glasses  should  be  heated 
slightly,  to  drive  off  any  moisture  on  the  surfaces  which  are  to 
oome  in  contact  with  tiie  mount! tig- medium ;  2d.  tlic  covers 
should  be  held  in  place  by  means  of  a  slight  weight,  or  by  the 
pressure  of  a  spring  clip,  until  the  balsam  or  its  solution  has 
become  tolerably  firm.  A  little  experience  will  show  that  speci- 
mens mounted  in  balsam  may  require  a  somewhat  different 
maniigeiueiit  of  the  mirror  under  the  stage  from  those  which  are 
mounted  in  a  medium  with  a  different  relVactive  ijower.  Damar 
may  replace  balsam  when  the  latter,  which  is  the  better,  is  not 
to  be  bad. 

114.  Hoijer'i  mounting-media  are  highly  recommended  by 
S tras burger. '    The  one  which  is  preferred  for  anilin  preparations 
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is  made  by  adding  colorless  pieces  of  gam-arabic  to  a  solotion 
of  potassic  acetate  or  amnionic  acetate,  until  the  liquid  becomes 
of  the  density  of  thick  syrop,  while  in  that  intended  for  carmin 
preparations  the  gum  is  dissolved  in  a  five  to  ten  per  cent 
aqueous  solution  of  chloral  hydrate,  and  about  ten  per  cent  of 
glycerin  added.  Either  of  these  media,  or  a  plain  solution  of 
pure  gum-arabic,  will  be  found  to  answer  admirably  for  all  prepa- 
rations of  woods  which  are  to  be  photographed. 

115.  The  edges  of  the  cover-glass  arc  usuaUy  painted  with 
some  varnish  of  good  quahty.     Those  in  best  repute  are :  — 

1.  Asphalt-varnish,  to  be  thinned  with  turpentine  when  too 
thick. 

2.  Maskenlack,  a  German  preparation,  thinned  with  alcoboL 
8.  Mikroskopirlack,  also  thinned  with  absolute  alcohol. 

4.  Shell-lac  in  alcohol,  tinged  with  some  anilin  color.  If  a 
few  drops  of  castor-oil  are  added  to  the  solution,  it  dries  into 
a  less  brittle  finish. 

5.  Gold-size. 

6.  White  lead  (with  oil). 

It  is  a  good  plan  to  revamish  slides  whenever  the  yamish 
first  shows  any  indication  of  breaking  away. 

A  few  works  in  regard  to  microscopic  manipulation  and 
roiero-chemistr}'  which  may  be  advantageously  consulted  by  the 
student  are  the  following :  — 

Beale.  How  to  Work  with  the  Microscope  (London).  This  is  a  Urge 
octavo  Tolume,  with  very  minate  descriptions  of  microscopical  appliances  and 
manipulation.     Seyeral  editions  have  been  printed. 

Carpenter.  The  Microscope  (London).  A  small  octavo  of  about  900  pp. 
This  work  deals  at  some  length  with  the  structure  of  animals  and  plants. 

Beiirens.  Hilfsbuch  zur  Ausfiihrung  Mikroskopischer  Untersuchnngen 
im  Botanischen  Laboratorium  (Braunschweig,  1883).  This  is  specially  de- 
voted to  microscopic  manipulation  and  micro-chemistry.  An  English  trans- 
lation has  appeared. 

PouuiEN.  Botanical  Micro -Chemistry.  Translated  and  enlarged  by  Pro- 
fessor Wm.  Trelease  (Boston,  1884).  An  excellent  account  of  the  chemicals 
used  in  tlie  examination  of  vegetable  structures,  together  with  some  directions 
for  their  employment. 

Strasburqeb.  Das  botanische  Practicum.  See  an  account  of  this  work 
on  page  165. 

Bower  and  Vines.  A  Course  of  Practical  Instruction  in  Botany  (London, 
1885).  A  most  useful  and  convenient  guide  to  the  study  of  the  histology  of 
flowering  plants,  ferns,  and  their  allies. 
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THE  VEGETABLE  CELL  IN  GENERAL:   ITS  STUCTURE,  COM- 
POSITION, AND   PRINCIPAL  CONTENTS. 

1 IG.  The  nnlt  In  Vegetable  Anat«mf ,  tlic  fundamental  compo- 
nent of  which  the  falnic  of  jilanta  is  constructed,  and  from  whk-h 
all  the  diverse  histological  elements  are  derived,  is  the  cell. 
Even  the  elements  which  arc  the  least  cellular  in  appearance, 
and  which  have  names  of  their  own  (as  Ghres,  ducts,  etc.),  are 
only  transformed  cells,  or  simple  combinations  of  them  ;  so  Ihat 
the  cell  is  tlie  type  as  well  as  the  nuit  of  vegetable  structure, 
•3  indeed  it  U  of  animal  structure  also.  The  name  cell  is  one 
which  wou]<l  not  be  given  to  it  if  the  nomenclature  were  to  be 
founded  u|>on  our  prcRcnt  knowledge.  Cells  were  originally 
taken  to  be  only  closed  cavities  in  a  vegetable  moss.'     We  now 

1  Tha  Mrlirst  recognition  of  cellular  stnicture  in  plmils  appears  in  Robert 
Hookc's  MlentcnfkU  (1S65).  p.  113.  "Our  mirrcucope  iafonns  us  that 
the  aobBbince  of  cork  is  altogether  liird  with  air,  and  that  thut  air  is  pvifvctly 
anKloMd  ill  Uttte  boxw  or  cftta  distinct  from  one  another." 

Ni^hinnLgh  Cntir,  of  London  (The  Aoatom;  of  Plants,  book  i.  p.  i),  uudtr 
data  of  16TI,  aai'i  of  the  oinss  throng  whieb  the  rromework  of  ■  jFOung 
plant  ia  distribuleJ,  "It  is  a  Body  very  curiously  oi^niz'd,  uQnst^ting  of  an 
infinite  Dnmlvt  ol  ulreine  mull  bjaddora,"  etc. 

Halpighi,  of  Bolojjna,  in  a  work  presenteil  to  the  Royal  Society  in  the  same 
y«ar,  turs  ncnrty  the  ame  language;  "Exterior  etenioi  cuticiiU  utrienlil,  sea 
Hcculii  horizont»1i  online  1ocati«,  ita  ut  annulus  eflbrmetur,  coniponltur,  etc." 
(AtLatomis  Pbntanira  Idea,  p.  2], 

A*  a  jiraliminarj  study,  a  ba^nner  should  preparo  and  examine  a  few  sec- 
tiulM  like  the  foJloiring  :~ 

(1)  From  tbe  tip  of  the  root  of  ■  bean  (which  has  gpnuinntod  oa  wot  Bpongo 
or  paper)  cut  a  thin  «vlion  lengthwise,  and  carefully  examine  it  under  a 
po*et  of  SOO-IQO  diameters.  If  the  aectiou  is  tliin  enough,  the  contents  of  the 
cells  can  be  made  out,  and  will  he  seen  to  consist  of  a  eobrless  lining  (pralo- 
plium),  in  which  one  part  {the  niuleta]  appeata  denser  than  the  rest.  Next, 
treat  the  section  with  a  solation  of  iodine,  and  iiotiee  whnt  pntts  nre  coloreil,  — 
the  protophutu  and  nucleus  ore  yellow  and  brown,  but  tlie  ct'lls  on  the  looser 
part  of  the  tip  c<mtain  bluish  grannies  (ftoreft).  This  sljinjh  can  best  be  shown 
hy  fint  dissolving  out  the  protoplasui  with  dilula  potash. 
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know  them  to  be  organs  and  even  organisms.     Histologj-  there- 
fore begins  with  the  cell  in  its  independent  condition. 

117.  A  complete  and  living  vegetable  cell  consists  of  a  cell- 
wall  enclosing  certain  essential  contents. 

118.  In  their  earliest  state  some  of  the  lower  plants  exist  as 
a  mass  of  motile  living  matter,  not  bounded  bj  an}'  envelope. 
But  in  all  plants  of  the  higher  grades  the  living  matter  of  the 
cell  is  from  the  ver}-  first  protected  by  a  cell- wall. 

119.  That  which  is  essential  to  the  vital  activity  of  a  cell  is  an 
apparentlj-  half-solid  substance, — protoplasm.  With  the  prop- 
erties of  protoplasm  as  a  living  thing,  Physiolog}'  and  not  His- 
tolog}'  is  immediatel}'  concerned.  But  it  is  necessarj'  throughout 
the  stud}'  of  Histology  to  make  a  distinction  between  tlie  cells 
which  are  vitally  active  and  those  which  ser\'e  chiefly  or  wholly 
some  mechanical  end ;  and  hence  attention  must  be  called  at  the 
outset  to  the  means  by  which  the  living  matter  of  the  cell  can  be 
identified. 

120.  Protoplasm  exists  in  all  young  cells  —  for  Instance,  in 
the  soft  cone  of  tissue  in  buds,  in  root-tii>s,  and  other  points  of 
growth  —  as  a  nearly  transparent  or  finel}*  granular  substance.^ 
It  completel}'  fills  the  interior  of  verj-  3*oung  cells,  but  with 
increase  of  the  cells  in  size  there  arise  cavities  (vacuoles)  oon- 
taining  sap,  and  these  b}*  their  enlargement  and  confluence  ma}* 
appear  to  occup}'  the  entire  space  within  the  cell.  If,  however, 
such  a  cell  be  acted  upon  by  anything  which  causes  contraction 


(2)  Make  a  thin  section  through  the  petiole  of  a  begonia  or  some  common 
house-plant,  and  observe  tlie  granules  imbedded  in  the  protoplasm  (chloraphyll' 
granules);  notice  also  crystals,  eitlier  in  masses  or  fdngle. 

(3)  Examine  a  thin  section  through  dry  pine  wood,  test  with  iodine,  and 
observe  the  absence  of  protoplasmic  matters.  Examine  in  the  same  way  any 
hanl  wood. 

(4)  Make  a  section  through  any  starchy  seed,  for  instance  a  common  bean, 
and  treat  it  with  a  solution  of  iodine  ;  notice  the  distribution  of  protoplasmic 
matters  in  the  form  of  thin  irregular  films  throughout  the  cells.  Examine  a 
similar  section  in  oil,  and  see  what  differences,  if  any,  can  be  detected.  Prob- 
ably tlie  presence  of  protein  granules  will  be  made  out 

From  these  preliminary  examinations  a  beginner  will  have  demonstrated 
the  protoplasmic  matter  in  its  active,  resting,  and  reserve  states  ;  he  will  have 
seen  chlorophyll,  the  nucleus,  and  starch,  the  chief  fonn  in  which  food  is 
stored  in  plants.     He  will  also  have  seen  a  few  of  the  more  common  crystals. 

After  such  a  study  the  student  is  urged  to  examine  practically  the  charac* 
teristies  of  the  cell-wall  and  the  cell-contents  as  they  are  presented  in  this 
chapter. 

^  By  the  use  of  staining  agents,  especially  hiematoxylin,  protoplasm  can  in 
many  cases  be  shown  to  possess  a  complicated  mesh  of  very  deUcate  fibres, 


PItOTOPLASJI. 


27 


of  tlie  protoplasm,'  as,  for  instance,  a  solution  of  common  solt, 
Ibe  protoplasm  aepaiates  fi-oni  the  cell-waiU  &ud  hy  its  con- 
traction   shows    clearly    that    it    is    a 
closed  sac.     At  a  later  stage 
in  some  cells  even  this  thin 
protoplasmic  sac  wholly  dis- 
apiiears. 

121.  Protoplasm  itselfmust 
be    regarded    as    essentially 

IliKa-gj^liCTt  transparent  and  colorless,  l>ut 
v^jQ^S^  it  is  seldom  tband  without 
vS^^t^  some  admixture  of  other  niat- 
Y^^^^Sij  ters,  which  gii'c  it  a  granular 

iK^tFI^         apjiearance.      Tlie    granulfs 
UT"*:?^)  are  generally  verj-  small,  and 

UVv^S|        as  a  rule  are  not  fonnd  at  the 
'^Sf^  periphery  of  the  mass.     The 

,  liraitiug  surface  of  the  proto- 

plasmic mass  is  further  dis- 
ished  by  being  somewhat  denser  and  firmer  than  the  sub- 
ti  it  encloses ;  and  although  it  cannot  be  scpai-atiHl  from 
the  latter  by  mechanical  means,  it  is  often  s^Hiken  of  as  a  Glm  ; ' 

nhk-li  tnkn  a[i  tliu  isuloring  matter  rcniUly,  leaciiif;  tliu  r«nmi[iiler  iif  Ihe  oiass 
BnnUineJ.  It  is  belicTnl  by  Scbmitz  that  tlio  un!itaLn«d  nusa  is  a  homoge- 
tuDiu  li<|uid  mUug  tbe  moUes  (^itzun^bci.  der  niedurrlieiu.  Gvsellbuhaft  in 
Bonn,  18S0|. 

'  Siivli  Hubatances  ftre  tenned  pltamal^it  agents. 

*  Of  tbe  ■[<i>enrani'e  of  pratO]>U»iii.  tbe  following  remarks  by  Mohl,  who  first 
giTfi  it  th«  nuiiie  ill  18M.  ire  of  intcresL  "  IF  a  tisme  composal  uf  yoiiii){  cells 
be  left  Mine  liuie  in  alcoLol,  or  livated  with  nitric  or  ninriatiL-  aciJ,  a  wry 
ihlD,  tliiely  j^unlnr  membmne  btcomes  deUcbed  from  tlio  inside  of  tlie  mil 
of  Uie  nU  in  tho  rorm  of  a  closed  vesicle,  wliii:h  bocomea  more  or  less  con- 
tnwTttil,  and  consequently  remores  all  tbe  mnti-nts  of  tlie  cull,  which  are 
eiirliH<.->l  in  this  vencte,  fiiiin  tbe  wall  of  the  relt.  Keawns  hereafter  to  be 
diwuBSRl  have  l«d  me  to  call  tliis  inner  cell  the  yrimordiaX  utricle.  ...  In 
tho  centre  of  the  yonng  cell,  with'  tare  exaeptions,  lira  the  ao-callpd  nudeia 
eeJluta  n{  Robert  Brown.  .  ,  ,  Tlie  remainder  of  the  cell  is  more  or  lesi 
lUnael;^  Glleil  with  an  opaque,  riscid  fluid  of  ■  vhile  colonr,  hnvin^  KmnuW 
III [enni lifted  in  it,  which  Rnid  I  call  protoplasm  "  (Mohl:  The  Vegetalile  Cell, 
Uenltvy'a  Translation,  1852,  pi).  36.  37). 
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,nrf  eb#r^  rh#ro  iA  ^my  •m'-ak  in  the  oontbiimr  of  cfae  obbh^  fbr 

.  '^>  Tif^  riofimfvepTH^  of  pmtonbMiii  ^itpt^adm  on  the  amunnt 
^>f  e-fff^  ^;rTl^fh  if.  r^r^juiur.  TIuis  In  <irr  seefi»  it  i»  nefoir  3» 
f/'>n^/{v  HT  rv>ni.  vrttik  in  ttvs  -mme  .^eeda  <iiirnii^  ^Bnniimdoii  it 
V""o'n/»<i  llk#»  ^^rvftpfipd  '^{otin.  It  akmorbm  wkubt  cemtilr^ond!  b«^ 
/*<^>fn/*'4  j>Ann*»»tM  by  it,  tliemhy  innxBaMng  it»  apparent  I&iiffitr^ 
^Kit  it  rtpw^r  tv>^onu*9  1  tme  Itiiid.  JKbreoTec.  tbcas  i»  &  limit 
ft/>  th^  jim^mt  of  wsrt^r  whUth  it  taiwa  up* 

}  2^.  C)H^niif*on3*  60fmderfitU  pmCi^pliunii  is  a.  vexy  cam^iisx 
<fnVy<ct.'>n^^.  ft;  h^lon^a^  &>  a  gmnp  of  bodies  of  wbiak  tfae  albumin. 
^  ^srjf  rUfty  b*^  rtonv<m«^titJy  taiMn  a»  tbe  type.  They  omieeggt 
mrrny  ^li^f.  Knt  ^om<*tim^it  r^niitricahle  duaoges*  ami  ha^e  beat 
<^o\]o^fW(*]y  t^rm^^d  proc^idf*.  Th^  C^rmfi  ^MNommoiiit  ami 
//rVA  mi*y  h<^  ir^d  int^<*hiin^^ahiy  f^^e  %*7), 

>  -/i.  'th^  n]hrtTfnnfA^h9^  or  pro^eidft^  wbidi  form  wiA  wate 
hiillr  <vf  f/T^^f/yf^^Mm  f>rofy^f  Are  of  eoKsnt  aaaocxatcd  wick  Ae 
m^^^<^f^  ^W'h  fM^  Hvir»^  (in^i!44iif>ce  makea,  nscs,  and  ^scsidi. 
^rrf  t^h<>«»^  ttttiii4*f%  ^xi«t  in  fM  prf/tf>piairai  in  rery  diiferait  pro- 
pffffifftm  ni  /I'tft^ff'fii  iftn^n,  ih/nfgb  nerer  to  aocii  amoimt  as  to 
hy^nfiit^  fN^  ff^t^fihfif  tfniiUftiH  of  the  aniamiooids.  These  are 
ff,f'  hAVfwttffi:  i.  Th«  yf'llow  iff  hrowiiisb  color  imparted  by 
*>/,}, rtffo^  ht  UfflUt^.  %.  Tim  purple  color  produced  whco  tlie 
/'^//  /  liHf  H  hf*ki  *^hUitn\/M\  with  a  Molntion  of  capric  salf^iate  is 
H'*i'^  HH  htf  fifth*t*tU'  iiyhnU^*  H.  Tho  rose  color,  otleo  faint, 
'*'f{i>if  lnUn¥m  Mm*  mifftmnlvf^  fiction  of  a  solution  of  sugar 
tftt'l  ihnii^  HHlpl^M)'*  lohl.  4.  TIh)  red  color  given  by  Millon's 
p  it\t^  h^  I  hlH  l^ttl  ^MM'follv  hM|ulniA  the  Cautious  application  of 
l/M'i      0     |Im«  ptMpllAli  MtliM'  rrotii  prolonged  action  of  hydro- 

I  '')  ImIiiIh  miImIIiiMpi  tif  (ho  tmuiiUc  alkalies  dissolve  proto- 
|tli>  Ml  I  »Hii»»«fi(iMltil  Mnhitiithn  \\\\  not.  If  a  young  cellis  acted 
Ml  III  iMiM'i'HhftfiMl  pHJimhi  tt«  phUoplasm  is  not  essentially 
»tih>h»lf  lull  I)  Hrttiit  i«  HOW  mM(H(«  Uio  protoplasm  dissolves 

I  "M  rih<  h|OmmI<^I  t^v  i^lll|\mMdM  miiiui  (\Himi  m  the  protoplasm 
)  \  lb  Hw  ivIIh,  f^^tt  «UiU'H^V|li  n>^m  \\\^  ivKt  t>f  the  pix>loplasm  in 
\\ .  i.nMht  tlvHMu.  \%  \\s<<  Hft^^fff^.    Hk"  riMuri^y  defilM^d  point 

^••.  Hs^^  \^>1^•^vss^  sss>>^^^V>"*»^'»  ^v^^vi^^'i^i^^K^  tfkw^pwi  dnrii^  the 
>n      u\NN\\!h        >V  \vUil^'^>i^  >nl^h-«h  <^\*rt  W«(«^wii  Ut^  |)rol)o> 
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in  one  tell  with  tliat  in  contignoua  cells  will  Ix*  consWored 
in  Cluiptpr  VI. 

128.  Tho  cfU-wall.  Tlie  cell-wall  ia  produced  Trotn  materiitls 
contained  in  protoplasm,'  anil  is  laid  down  in  intimate  contact 
with  it,  as  an  even  homogeneous  lilm  which  exiiiliits  nt  first  no 
obrioas  stnictiire,  but  with  increase  in  size  generally  becomes 
modified  in  appearance,  consistence,  and  composition. 

129.  Its  evenness  of  surfaco  is  in  most  cases  early  lost  by 
addition  of  new  matter,  giving  rise  to  protuberances  or  markings 
of  dilTerent  sorts.  Though  at  first  possessing  no  evident  struc- 
ture, it  may  become  dearly  difl'erenliated  into  layei-s,  and  thus 
become  stratiSed,  or  striations  may  ajipcar.  Its  consistence,  at 
the  outsi-t  that  of  the  most  delicate  bleached  linen  fibre,  may 
soon  liecome  changed,  on  the  one  band  to  that  of  soft  gelatin, 
or  on  the  other  to  that  of  the  densest  wood.  Moreover,  although 
devoid  of  color  when  first  produced,  it  may  acquire  distinct  color- 
stioQ ;  and,  lastly,  ita  chemical  character  may  nndei^o  snch  im- 
portant changes  that  its  normal  reactions  are  no  longer  given. 

lilO.   The  raarklnifs  of  the  ccll>nall.    Uniform  thickening  of 
the  whole  coil-wall  is  eslreraely  rare ;  even  in  tlie  e.'samples 
which  are  commonly  given  to  ilhistrate  it,  pores  or  channels, 
more  or  less  distinctly  visible,  interrupt 
ita  continuity. 

131.  The  thickenings  may  possess 
great  irregularity,  or  tbey  may  be  so 
strictly  localized  and  regular  as  to  foi'm 
chamctcristic  features  of  the  widest  use 
in  diagnosis.  They  may  project  ont- 
wardly,  forming  ridges,  spines,  and 
other  Bculpturings :  or.  as  is  most  com- 
monly the  case,  inwanlly,  giving  rise 
to  rings,  Bpirala,  etc. 

132.  Iftlie  wall  is  thickened  throngh- 
out,  except  at  well-defined  points,  de- 
pressions or  pits  are  produced,  varying 
considerably  in  outline,  but  occuiTing 
generally  as  simple  dots  or  lines.  In 
some  cases  it  is  not  difllcult  to  see  that  these  dots  or  lines  are 
true  pores  or  fissures  running  from  one  cell  to  the  nest. 

'  According  to  Scliinilz,  the  cell-wall  ia  prodaccd  by  tho  conTcraion  of  the 
Umiling  lilui  of  protafilasoi  inlo  cellulou.  Ttiat  the  i;i!l1-wall  is  rorined  at  tbs 
limiting  Blm  idmits  uf  tio  quutioD. 

Fta.  S.    PlLltdduct;  ftvmitamaf  Ctuhorlam  Intjbiu.    (JmoI)*.] 
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133.  Bordered  pits  are  a  very  oommoD  modlBcation  of  (be 
last.  A  comparatively  large  spot  remains  unthickcned,  but 
becomes  covered  by  a  low  dome  which  lias  at  its  top  a  small 
aperture  ;  at  a  corresponding  point  of  the  wall  of  the  neighbor- 
ing  cell  another  thickening  produces  a  similar  dome,  bo  that  the 
two  domes  constitute  a  double  oonvex  body  which  appears  as 
a  disc  with  a  central  perforation.  These  bodies  are  known  as 
discoid  markings. 

134.  Sometimes  the  spot  covered  by  the  arched  projection  or 
dome  is  elliptical  instead  of  round.  When  this  kind  of  marking 
becomes  linear,  or  nearly  so,  it  is  termed  scalariform. 

135.  When  annular  and  spiral  tiiickeninga  occur  the  cell-waQ 
lying  between  them  remains  so  thin  that  a  slight  strain  suf- 
fices to  break  it,  releasing  the  rings 
and  coils.  The  number,  the  direo- 
tion,  and  the  steepness  of  the  spi- 
rala  furnish  in  some  cases  diagnostic 
features. 

136.  Besides  apirala  and  rings, 
there  are  intermediate  forms,  which 
pass  easily  over  into  netted  or  reticu- 
lated thiclfcnings.  It  happens  some- 
times that  the  reticulated  markings 
are  so  regular  that  their  interspaces 
appear  as  regular  polygons. 

137.  The  external  sculpturing  of 
the  ccU-wbU  can  be  seen  in  many 
pollen-grains,  and  in  the  hairs  of 
many  plants,  though  in  the  latter 
case  the  projections  may  be  partly 
due  to  irregularities  in  the  form  of 
the  cell. 

138.  Strallflcatlon  and  strlitioB.  The  cell-wall,  even  at  an 
early  stage,  fVequently  exhibits  a  distinctly  stratified  structure. 
In  some  cases,  ot  least,  removal  of  all  the  water  which  forms  a 
constituent  of  the  wall  obliterates  every  trace  of  stratification, 
and  this  fact  supports  the  hypothesis  that  the  appearance  of 
lamination  is  caused  by  differences  in  the  amount  of  water  con- 
tained in  alternating  layers  of  the  wall.  The  less  strongly 
refractive  layers  are  supposed  to  contain  more  water  than  those 
which  arc  highly  rcft^active.     But  tliere  are  cases  of  stratificatloa 
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^Mucli  cannot  be  Batisfactorily  explnincd  by  this  hypothesis. 
There  are,  besides,  numerous  instances  in  which  the  stratifletl 
n|>|H'aranec  is  not  clrarly  shown  until  the  cell  lias  been  acted 
uii  by  nn  acid  or  nn  alkali ;  a  good  esample  of  this  is  afforded  ' 
by  the  firm  cells  of  the  albumen  of  the  v^etable  ivory  (Phy- 
lelephas).' 

139.  All  appearance  of  spiral  striation,*  ascribed  also  to  tUe  I 
unequal  distribution  of  water,  is  oRen  aceu,  especially  in  tlie 
cells  of  the  Ubcr  of  Ag>ocynaccie  and  allied  oi'ders,  and  in  many 
wood-oi'lls.  The  slriations  are  not  constant  as  reganls  the 
steepness  of  tlie  spiral ;  in  fact,  in  a.  few  instances  ringis  instead 
of  spirals  are  present  A  striatfid  appearance  is  sometimes  prc- 
M!Ut«d  in  walls  wbieh  have  been  deprived  of  all  their  water. 

140.  Chemically  considered,  the  young  cell-wall  consists  esseO' 
tially  of  cellulose,  a  irnListaiice  which  bas  the  same  percentage 
composition  as  starch,  nanielj',  C^UmOj.  Even  in  its  purest 
stutc  it  is  associated  with  a  trace  of  mineral  matters  which 
remain  bi'hind  as  asli  nlien  it  is  burned,  and  in  the  living  cell  it 
is  always  perTneated  by  water. 

141.  Cellulose  is  not  soluble  in  any  of  the  following  liquids 
commonly  used  in  microscopic  manipulations,  —  water,  alcohol, 
glycerin,  dilute  allialies,  and  dilute  acids.  It  is,  however,  more 
or  leas  strongly  acted  on  by  hot  concentrated  alkalies,  without 
psssing  into  true  solution,  and  it  is  apparently  dissolved  by 
strong  sulphuric  acid.  Whether  cellulose  becomes  truly  dis- 
solved by  concentrated  sulphuric  acid,  or  merely  forms  some 
oilier  carbohydrate  under  its  action,  is  of  little  consequence,  so 
far  as  the  dcstniction  of  cell-walls  is  conccraed.  In  nearly  all 
OSes  its  action  is  so  energetic  that  the  wall  of  a  cell  can  be 

>  A»  ^honn  hy  ilolil,  ttic  auUon  of  a  mineral  acid  of  pixipei  degree  flf  cun- 
cnitrstKiu  uniBKs  llie  wail  to  awill  up,  nnd  the  UiDEllar  ntnicture  becomes 
my  dirtinct.  "  Bjf  thk  iiieuiu  the  kinellw  stniclure  nmy  bo  citmionsttntpd 
cvrii  in  thnaa  cases  in  which  the  imaltered  menibriLDe  appeared  ooiiiplately 
l>ODicig(iu«ins "  (Mold:  Vcgvtuble  Cell.  p.  10). 

■  ''Tlia  itraliftcation  u  vUilile  an  the  transTeraa  and  longitudinnl  urctiana 
of  the  o-ll-waJl,  tlM  atrinlinn  on  the  snrfaRe  na  well ;  it  ia  usually  most  rrideut 
theR,  hut  i>  in  gvavral  leas  easily  wen  than  the  atratilication  :  it  depends  gn 
th«  prewDce  of  altcmalaly  mon  or  le»  dnise  hiyera  in  the  ceU-wnU,  meeting 
It*  nrGKn  at  an  angle.  OtneraUy  two  Rudi  ayitema  of  Uyors  may  hv  ntag- 
vitri  mutually  iuttraecting  oue  another.  There  are  thus  all  lugi'tlier  llirra 
aynleius  of  Uyere  pwwTit  in  wU-wall :  one  conwutrio  with  tho  Burric,  nnd  twi 
vrrtioal  or  ohlii[iii>  to  it  mutually  interaecting,  like  the  cleava^  pbni-s  of 
ciTatal  E|ililliiig  in  thrre  ilh«rtiona(Mii«<U)  ;  and  just  a*  thisclcnvi 
Umn  more  #vi<lnit  in  one  dirKtion,  aoraettiDea  in  anolher,  so  it  U  nUo  with 
tbe  atntifi>:ation  and  itnation  "  (Sachs:  Text-book,  2it  Eng.  ed.,  p. 
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wholly  removed  by  this  acid,  even  without  destroying  the  proto- 
plasmic contents ;  and  this  fact  has  been  extensivelj*  emploj'ed 
in  the  examination  of  the  continuity  of  the  protoplasm  in  con- 
tiguous cells.* 

142.  The  only  known  solvent  fh>m  which  cellulose  can  be  re- 
covered without  change  of  composition  is  Schweizer's  reagent, 
ammoniacal  solution  of  cupric  oxide.  In  this  liquid,  cellu- 
lose swells  considerably,  and  slowly  disappears.  It  is  thought 
bj'  some  chemists  that  it  does  not  truly  dissolve.  From  its 
apparent  solution,  it  can  be  precipitated  in  the  form  of  a  flooca- 
Icnt  mass  by  acids,  salts  of  manj'  kinds,  and  even  by  the  addi- 
tion of  a  large  amount  of  water  (see  55). 

143.  Freshly  prepared  aqueous  and  alcoholic  solutions  of 
iodine  do  not  color  pure  cellulose  be3'ond  giving  a  faint  yellow- 
ish tint ;  but  if  the  reagents  have  been  kept  for  some  time,  par- 
ticularly in  the  light,  they  may  impart  a  blue  color.'    The  latter 

^  Unsized,  well-bleached  linen  paper  is  nearly  pure  cellalose.  If  it  is  dipped 
in  a  cold  mixture  of  one  volume  of  water  and  two  volumes  of  strong  sulphuric 
acid,  withdrawn  after  ten  to  twenty  seconds,  and  washed  thoroughly  in  water, 
and  finally  in  dilute  ammoniacal  water,  it  becomes  much  like  parchment.  This 
"vegetable  parchment"  is  a  suitable  membrane  for  certain  experiments  in 
absoqition.  The  acid  in  this  experiment  is  supposed  to  convert  at  least  a 
portion  of  the  cellulose  into  a  substance  which  closely  resembles  starch  in  its 
chemical  reactions,  termed  amyloid.  Parchment  paper  can  be  made  also  by 
concentrated  zinc  chloride,  and  by  a  few  other  agents. 

•-»  Mohl  (The  Vegetable  Cell,  p.  24,  Eng.  Trans.)  says:  "When  imbued 
with  iodine,  it  becomes  indigo-blue  if  wetted  with  water."  In  a  note  on 
pages  28  and  29,  he  further  says :  "  My  researches  shewed  me  that  the  in- 
fluence of  sulphuric  acid  was  by  no  means  necessary  for  the  production  of  the 
blue  colour  in  membranes  which  are  not  strongly  incnisted,  as  in  the  paren- 
chymatous cells  of  succulent  organs,  but  that  iodine  and  water  alone  are  suffi- 
cient ;  while  in  full-grown  and  hardened  cells  sometimes  the  primary  membrane 
alone,  sometimes  even  a  greater  or  smaller  portion  of  the  secondary  layers  had 
through  the  de|)osition  of  foreign  substances,  altogether  lost  the  property  of 
becoming  blue  on  the  application  of  sulphuric  acid  and  iodine,  although  they 
were  still  comiKweil  of  cellulose,  and  iodine  alone  would  very  readily  produce 
a  blue  colour  in  all  their  membranes  after  the  infiltrated  matters  had  been 
removed.  The  means  I  employed  to  remove  the  infiltrated  substances  were 
caustic  potosli  and  nitric  acid.  .  .  .  After  this  treatment,  the  whole  of  the 
layers  of  all  elementary  organs  are  coloured  a  beautiful  blue  by  iodine  even 
when  tliey  offer  so  great  a  resistance  to  the  action  of  sulphuric  acid  before  the 
treatment  with  nitric,  as  is  the  case  in  the  outer  membrane  of  wood-celb  and 
of  vessels,  and  in  the  brown  cells  at  the  circumference  of  the  vascular  bundles 
in  Ferns." 

It  is  plain  that,  in  the  latter  cases,  the  cell-wall  had  been  very  powerfully 
acted  on  before  the  application  of  the  iodine,  and  to  this  severe  preliminary 
trf>atment  may  be  ascribed  the  efficiency  of  the  latter  in  producing  the  bine 
color. 
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color,  liowever,  is  given  even  hy  fresh  solutions  of  iodine  to 
cellulose  wliifh  has  been  previously  treated  with  certain  chcrci- 
cal  agents,  for  instance,  strong  sulphuric  acid.  A  convenient 
mctboil  of  cmploj-ing  this  reaetion  as  a  test  for  celluloae  is  to 
Ihoroiighlj'  moisten  the  object  with  a  dihite  solution  of  iodine, 
and  then  to  apply  strong  sulphuric  acid,  u)>on  vrbich  the  ecltiilose 
immediatel;  turns  bright  blue.  It  is  sometimes  advantageous 
to  dilute  the  snlpharic  acid  employed,  either  with  water  or  with 
glycerin  :  but  for  most  cases  the  L'oncentrated  acid  is  the  best. 

Schutze's  solution  of  iodine,  better  known  as  chloroiodide  of 
rinc,  nat'd  alone,  ^ves  with  pure  cellulose  a  blue  color  inclining 
to  pnrplc.  This  reaction,  though  not  always  so  prompt  as  the 
other,  is  generally  more  manageable,  and,  on  the  whole,  more 
satisfactory. 

In  a  few  instances  the  cell-membrane  becomes  yellowish- 
brown  throughout,  upon  the  application  of  an  iodine  solution, 
a  reaction  which  might  be  easily  mistakftn  for  that  which  albu- 
minoids give ;  that  the  color,  however,  is  not  here  due  to  their 
prewnce,  ap|>cara  on  subjecting  the  tissue  to  the  action  of 
Millon's  rei^jent.  Veilical  sections  of  the  stem  of  Begonia,  as 
noticed  by  Sageli,  afford  an  instructive  example  of  this.' 

•  Tlmt  the  yplli>w  I'liTor  imported  by  iodine  has  been  otherwise  inleqirtteil, 
■ill  ■{•jwnr  from  llie  following :  — 

Kirtin|{tAna,  d«i  Sc  nut.,  air,  3,  tome  r.  p.  3SS)  sUtea,  that  "all  lignifii-d 
ceUs  haTe  rrvlejn  matt«n  in  their  walls." 

Uuhl  (Tho  Ve){etable  Cell,  p.  25)  mya :  "  Nitrogenous  tciinpoiinds  do  not 
OMnr  in  the  mrmUrenfa  of  cells  which  are  just  at  the  con1t□c^l^f'Illollt  of  their 
d^Tilopmcnl,  tor  iheso  arr  not  colonrrf  yellow  by  tincture  of  iodine,  yet  hirdly 
■  fnlt-gT"*^  reil  is  mot  with  in  wlileh  this  is  not  the  case." 

It  is  hrld  by  Nageli  that  vegi-table  cell-membraues  consist,  in  some  in- 
(Uni;«.  of  two  isomeric  anbatuices,  nnequally  Boluble,  which  are  intimately 
(ommiogteit.  One  of  these  is  solable  in  cold  water,  more  easily  in  bot  wster, 
and  wmetimi^s  neeils  for  ita  complete  extraction  a  dilntu  acid.  Fran  the  sola- 
lion  io-line  tbrowa  down  a  blae  or  blaisb-grecn  precipitate. 

A  synoptical  table,  liascd  on  differences  in  solubility  of  cellulose  and  ita 
nodiHcalionii,  and  in  their  behavior  towariia  iodine,  baa  buea  constnicted  by 
Na^li-  Tbe  [lart  of  the  table  wliich  ia  gireo  below  affords  exccllDDt  practice 
for  Uu>  begiuoor. 

I.  DriTEBEScBs  IS  SoLCBiLrrv. 

(1)  ta  cold  water,  becoming  swollen  ;  in  hot  water,  disappeoring,  vestlaH* 
mneilagi ;  c.  g.,  in  tlu  outer  filler  of  l^  cella  forming  the  lata  of  quina  tad* 
amd  Oume  of  fiar. 

(2)  Soluble  in  conceotroted  enlpburic  acid,  and  in  cnprammonia;  e.  g.,  eotfnn- 
liain,  batl-JUrrti,  eic 
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144.  The  principal  modifications  of  the  cell-wall  are  the  fol- 
lowing :  — 

(1)  Partial  or  complete  conversion  into  mucilage  (Gelatina- 
tion)  ;  (2)  Lignification ;  (3)  Catinization  (or  Saberification)  ; 
(4)  Mineralization. 

145.  All  of  tliese,  except  the  first,  change  the  chemical  char- 
acter of  the  cell-wall  only  by  what  may  be  r^arded  as  infiltra- 
tion ;  upon  removal  of  the  infiltrated  matter  by  means  of  proper 
agents,  the  cellalose  basis  of  the  wall  is  left  behind  with  very 
little  if  any  change. 

146.  It  sometimes  happens  that  one  part  of  the  membrane  of 
a  cell,  or  even  one  of  its  layers,  ma}'  be  modified  in  one  way,  and 
another  in  another ;  it  is  also  possible  for  the  same  membrane  to 
undergo  two  of  the  changes  above  mentioned ;  namely,  Lignifi- 
cation and  Mineralization. 

147.  The  mncila^nons  modlflcatloo.  Commonly  the  cell-wall  is 
not  much  changed  b}'  immersion  in  water.  It  maj'  become  more 
nearly  tran8pai*ent,  but  its  size  and  density*  are  not  essentially 


(3)  Soluble  in  snlphuric  acid,  insoluble  in  cuprammonia  (unless  preWoosly 
acte<l  on  by  acids  or  idkalies)  ;  e.  g,,  the  pith,  and  mtduUary  rays  of  woods, 

(4)  Soluble  in  concentrated  sulpburic  acid ;  insoluble  in  cuprammonia,  bat 
lKH!nining  Holuble  in  tbis  upon  previous  treatment  with  Schulze's  macerating 
li({ui(l ;  e,  g.,  uoood-cells  o/pinct  oak,  yew,  etc. 

(5)  Insoluble  in  concentrat(?d  sulpburic  acid  and  cuprammonia,  but  soluble 
in  lN)iliiig  concentrated  potossic  bydnite ;  c,  g^  cuticle,  and  the  outer  layer  of 
the  riumbrane  of  older  ducts. 

II.  Iodine  Reactions. 

(1)  Witb  iodine  and  water,  a  blue  color  :•  lichen^filamerUs,  etc. 

(2)  With  iodine  and  water,  no  color  ;  but  giving  a  blue  tint  with  iodine  and 
a  metallic!  iodi<le  ;  or  when  iodine  is  followed  by  sulphuric  acid  :  — 

A.  Thin^uHtUed  Parenchyma  (which  will  often  turn  blue  when  a  pure  iodine 
solution  acts  with  repeated  drying),  older  Parendiyma,  the  inner  pari  of  thick* 
enrd  wood'ceNs  of  Pinus  and  Abies,  and  the  hatt'fihres  of  hemp. 

B.  Only  when  the  reagents  have  been  preceded  by  the  application  of  nitric 
acid  :  all  metnbranes  in  the  interior  of  the  plant,  e,  g.,  the  outer  part  of  wood- 
c«*ll8  and  ducta,  the  brown  cells  which  surround  the  vascular  bundles  in 
ferns,  etc. 

C\  Only  when  the  reagents  have  been  preceded  by  the  use  of  boiling  potassio 
hydrate  :   cork,  etc, 

Acconling  to  Fr^roy  and  Urbnin,  the  substances  which  form  the  skeleton  of 
plants  are  prinri|>ally  pectone  and  derivatives  from  it,  cellulose  and  its  isomers, 
VRHi'uloAe,  and  cutose.  These  four  groups  are  thus  distinguished  firom  one 
another. 

Pectoee  acted  on  by  alkaline  carbonates  is  changed  into  pectie  add,  and 
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It  Bomotimea  happens,  howe^'cr,  thnt  the  cell-wall 
acr|tiires  wholly  new  relations  to  water,  anil  becomes  eapai>le  of 
absorbing  a  largv  amount  or  it  nitli  great  increase  or  volume  and 
translucency.  A  cell-wall  which  bas  undergone  this  mucilagi- 
Dous  modiGcatioo  takes  on,  when  placed  in  water,  the  consist- 
ence or  solt  gelatin,  and  if  the  mass  is  then  warmed  it  appears 
to  disaolvo,  forming  a  thick  mucilage.  Cpon  drying,  the  muci- 
lage hardens  into  a  translucent  gum,  in  which  the  cellulose  char- 
B4:tcr  is  nearly  or  wholly  lost. 

148.  Generally  Uie  changes  produced  in  such  a  wall  by  water 
are  90  miiid  tliat  it  is  desirable  to  place  the  specimen  at  first  in 
alcohol,  and  then  to  replace  this  medium  cautiously  by  water  or 
by  dilute  glycerin,  when  tlio  variations  in  shape,  size,  and  con- 
sistence can  l«e  easily  followed.  The  addition  of  alcohol  will  of 
course  arrest  the  changes  at  any  stage  desired. 

H9.  These  changes  can  be  easily  traced  in  the  outer  cells  of  1 
the  integument  of  a  flax-seed-  The  mucilage  appears  as 
obscurely  straliRed  mass  nearly  filling  \he  cells,  except  at  their  , 
centre,  where  there  is  a  low-arched  cavity.     On  the  cautloui 


pMUt«s  «re  fonnrf.    TTipm  are  rtudily  dePoni]KMed  by  hydrochloric  aeiil,  and 
JnaDlnble  geliitinoui  pectic  tcid  ii  thrawti  down. 

CellaloMi  kod  iU  iuiraen  ogree  in  being  soluble  in  caaeeatniteA  au1|ihnriii 
acid,  bat  tlivy  diHtrr  in  Uie  followinj;  |>oiiiU:  CflJulow  iii3:<olvTs  At  once  Ja 
inU  ;  puacelluloac,  only  after  the  action  of  ocida  ;  inetacclliiloae,  not 
then. 
Tuculow  it  not  Miily  soliiHo  in  eon«iitml«i  giilphoriff  acid,  but  iifler  the 
nf  niidiiitif!  «genu  gives  rise  to  resinoos  acida,  which  sro  *ejmrablo  by 
Esliea  from  usocinteil  cellulase. 

Cttlme,  the  tnnEparent  Him  coTering  the  aerial  organs  of  plants,  is  diosolred 
by  concentrated  tniljihuric  ••'iil  nor  by  cupmrnmonia.  but  diswlvea 
chuige  in  olIiBline  liquida.  The  fullowing  regiilta  of  analyses  by  Fremy 
•Oil  Urt«in  (Ann.  Sc.  nitt.  hoi.,  1882)  show  approximaleiy  the  amount  of 
thew  vahctanuea  in  different  parte  of  certain  [ilanta. 
Root  nf  l^uloiDnia.  —  (I)  Substances  ulubb  in  water  and  in  dilute olhalies  ; 
45,  »oft  boat  68,  body  of  root  17-  (2)  Vasculose  :  cork  14,  soft  last  31, 
\j  of  root  17.  (3)  Pamctllulosc  :  eorlc  4,  ooft  hast  4,  body  of  root  30. 
'  TRi.  —  VascnlfKe  increases  in  amount  with  the  density  of  the  wood.  Tlie 
of  cellulose  S7,  paraceUuloBe  3S,  vasculose  SS  p»r  cent.  Cork 
nwttei*  solable  in  adds  and  alkalies  S,  cutoae  13,  vasculose  29, 
WlhJuse  and  pareceMaloH  12  per  ceot  (cntose  and  vasculose  forming  together 
tlwMhJrineofChevraul). 

£<asa  0/  Ivy.  —  Water  and  substances  sololile  in  nratnd  aolvents  707-7, 
fBmtebyma  (fonned  of  cellalose  and  pectoscj  210,  fibrn  and  resseU  (of  vasca- 
loH and  panceilaloae)  17.!),  epidermis  {catose  and  pamcellulose)  35  ports. 

PdaU  0/  Dahlia.  ~  Water  and  soluble  mattera  861.30,  pari'iicliymn  (of  cel- 
ItiliiM  and  poAixe)  31.63,  vasculose  1.20,  i^aracellulose  2.27,  cutose  3.60  porta. 
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ftddition  of  vater  this  caTity  becomea  more  dearly  defined  the 
vholi.  masa  of  the  cell  swells  and  the  mucilage  can  then  be 
made  out  as  a  distinctly 
Btratifled  structure  belong 
I»g  apparently  as  mach  to 
the  outer  aa  to  the  inner 
fece  of  the  cell  wall  But 
if  the  action  of  water  is 
prolonged  the  stratified  ap- 
pearance vanishes  and  the 
wall  becomes  optically  ho- 
nx^neous  with  the  excep- 
tion of  Its  middle  portion 
the  so-called  pnmarj  mem 
brane,  which  remams  un- 
changed. On  the  addition 
of  iodine  and  sulphuric 
acid,  the  primary  memhrane,  but  not  the  mucilage,  becomea  blue. 
Purthcnnure,  the  lateral  walls  of  the  cells  are  not  converted 
into  mucilage. 

150.  The  mucilaginous  modification  can  be  examined  to  ad- 
Tantnge  in  the  aecda  of  some  Pokmoniaceie  (especially  Collomia) 
and  a  few  Acanthaceie,  e.  g..  Ruellia.  These  seed-coats  are 
covered  with  hairs  which  break  open  when  wet,  and  allow  not 
only  the  niucilngc  but  also  slenrler  coiled  threads  to  escape. 
The  achenos  of  some  Composito;  of  the  Senecio  group  and  th^ 
nutlets  of  a  few  Labiate  (the  Salvia  tribe)  exhibit  nearly  the 
same  phenomenon. 

1;')!.  LlgvUcatlon.  Induration  of  the  cell-wall  is  caused 
most  commonly  by  the  presence  of  an  incmsting  substance 
known  as  lignin.  Owing  to  the  difficulty  of  separating  it  from 
the  cellulose,  with  which  it  is  associated,  its  chemical  composi- 
tion must  be  regarded  as  uncertain.  Altbongh  generally  spoken 
of  as  a  single  substance,  it  is  probable  that  the  lignin,  or  in- 
crusting  matter,  is  made  up  of  several  different  substances,* 


'  PujTD  (M^m.  Am  savBiits  etrangcrs,  ix.,  18*6,  pp.  68,  6)  diatingnisliKl 
four  such  incmsting  niatlen,  diRfniig  in  tlicir  composition  >nd  in  their  be- 
havior to  Bolrenta.  LignoM :  insoluble  in  nntcr.  alcohol,  ether,  and  smmo- 
nin;  soluble  in  solutions  of  potaasa  and  soda,  Ligtume:  insoluble  in  water, 
alcohol,  and  «ther ;  soluble  in  ammoniii,  potassa,  and  soda.  lAgnin:  ilt- 
toluble  in  wBt«r  and  ether ;  soluble  in  alcohol,  ammonia,  potassa,  and  soda. 

Fio.  s.  Section  ot  the  alboinen  of  CentonlB  ilUqaa,  sbowliig  mBdlaglnoai  modlflea' 
Htm.    (Sachs.) 
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ihich  occur  in  diflTcrent  pi-oporliona  in  differeot  plants  and  in 
IffereDt  parts  of  the  same  plant 

I  loi   Lignin  dissolves  readily  in  Schulze's  macerating  liquid 
potassic  bydrato,  but  not  in  cupiammonia,  the  well- 
lown  solvent  for  cellulose. 

l.>3.   By  the  use  of  Schulze's  macerating  liquid  a  lignified  cell- 
nil  can  be  wholly  fh:«d  from  its  incrusting  substance,  and  pure 
lUulose  will  be  left  behind.     For  control,  it  is  wuU  to  employ 
e  tests  for  lignin  given  below,  both  with  ordinary  wood  and  with 
pilar  e|>ecimens  nbicb  have  been  treated  with  this  solvent. 
I   lai.   Te»u  for  lifftiin.     1.  Salts  of  anilin.     If  a  liguified 
U-wall  is  subjected  to  the  action  of  a  strong  solution  of  anilin 
■Ipliato  acidulated  with  sulphuric  acid,  or  to  that  of  a  solution 
r  anilin  chloride  aciJulaled  with  hydrochloric  acid,  it  will  at 
!  turn  yellow.     The  depth  of  the  color  depends  somewhat 
K>o  the  strengtli  of  the  solution.    The  color  is  destroyed  by 
Ikalics,  but  is  restored  by  acids.    Wiesuer,  who  first  applied  the 
~  foregoing  reagents  to  the  detection  of  lignin,  has  suggested  an- 
other wliich  is  for  uiany  cases  even  more  satisfactory ;  namely, 
2.  I'hloroglucin.     In   an   alcoholic   or  aqueous  solution  of  this 
substance  (.01  per  cent)  a  lignified  cell-wall  does  not  change 
mlor ;  but  if  the  spccimcu  is  slightly  acidulated  with  hj'drodiloric 
at-id,  it  tiecoraes  violet  or  purple.     3.  Carbolic  acid    (phenol) 
_^ARi]  hydrochloric  acid.     The  solution  described  on  page  1 1  im- 
lignitied  cell-walls,  when  exposed  to  a  strong  light,  a 
Mn  color  which  is  veiy  fugitive.    Specimens  under  e):amination 
tuld  therefore  be  watched  from  the  moment  that  the  reagent 
ivhes  them.    4.  Indol.    An  aqueous  solution  is  to  be  replaced 
ider  the  cover-glass,  after  it  has  moistened  the  B|>ecimen  thor- 
[y,  by  a  little  dilute  sulphuric  acid :  lignilied  cells  wilt  be- 
c  red  or  reddish- violet.   This  reagent  does  not  appear  to  have 

LignirAm :  soluble  in  kU  tlie  solvcnta  mentioned  abore,  bat  only  to  a  Blight 
■xtent  in  wBter. 

Chkxical  Confohitios, 
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any  marked  advantage  over  that  which  gives  nearly  the  same 
color,  namel}',  phloroglucin. 

155.  By  the  employment  of  these  reagents  many  cell- walls 
have  been  shown  to  be  distinctly"  lignified  when  the  older  re- 
agent —  iodine  in  solution  —  failed  to  detect  the  change. 

156.  Cntinicatioii.  Ordinary  and  lignified  cell- walls,  and  those 
which  have  undergone  the  mucilaginous  modification,  absorb 
water  freely.  On  the  other  hand,  the  walls  of  certain  cells  found 
chiefly  on  the  exterior  of  organs  are  repellent.  The  substance 
which  imparts  the  repellent  character  to  the  cell-wall  is  known 
as  cutin ;  when  restricted  to  cork  it  is  called  suberin. 

157.  Cutin  and  suberin  have  been  described  as  dififerent  sub- 
stances ;  but  although  the  former  is  more  generally  associated  with 
waxy  matters,  its  reactions  are  essentially  the  same  as  those  of 
suberin.  The  water-proofing  of  the  cell-wall  may  be  superficial, 
as  in  most  young  epidermal  cells,  or  it  may  affect  the  whole 
structure  of  the  wall,  as  in  the  case  of  cork.  If  a  distinction  is 
made  between  the  two  states,  the  first  may  be  termed  cutiniza- 
tion,  the  second,  suberification. 

158.  Cutin  can  be  removed  firom  the  walls  with  which  it  is 
associated,  bj^  the  use  of  Schulze's  macerating  liquid,  subsequent 
treatment  with  potassa,  and  careful  washing.  It  is  sometimes 
necessary  to  heat  the  section  in  potassa  before  the  cellulose  can 
be  conipletel}'  freed  from  the  other  matters. 

159.  IlohneP  has  shown  that  the  wall  of  a  cork-cell,  with 
the  exception  of  the  young  cork-cells  in  Coniferae,  is  composed  oC 
five  plates:  (1)  a  middle  plate,  common  to  the  two  contiguous 
cells;  (2)  two  plates, one  on  each  side  of  the  latter,  consisting 
of  cellulose  which  is  both  cutinizcd  and  lignified ;  (3)  two  plates 
of  cellulose  forming  the  inner  lining  of  the  respective  cells.  The 
latter  plates  may  be  more  or  less  lignified.  Differences  in  the 
relative  proportions  of  these  constituent  plates  give  rise  to  dif- 
ferences in  the  character  of  different  kinds  of  cork. 

160.  As  in  the  case  of  lignin,  the  difficulty  of  extracting  cutin 
renders  its  chemical  composition  doubtful.  It  is  usually  given 
as  follows :  — 


Carbon         73-74  per  cent 

Hydrogen 10 

Oxygen 17-16 


But  there  is  also  a  trace  of  nitrogenous  matter  demonstrable ; 
this  probably  belongs  to  residual  protein  matters  which  are  in 

1  Sitzungsber.  d.  k.  Akad.  Wien,  Bd.  IxxvL  1  Abth. 
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_        cell-cavity,  and  not  in  tlie  ceil-wall.     Siilphnric  acid  and 
chromic  acid,  eYcn  when  conceotrfiU-d.  produce  little  effect  on  ] 
cutiitizcd  roembniQes,  beyond  removing  traces  of  cellulose  prea*  j 
ent  tti  the  ceJl-walL     The  latter  acid,  however,  increases  I 
nnsparency  of  cutinized  membranes,  especially  a(ler  prolonged    ' 

H.    Potassic   hydrate  softens  such  morabranes  and  colors 
1  yellow;  n hen  heated  it  breaks  tliem  into  a  granular  maea 
■h  may  be  removed  by  careful  washing.     Cautiously  heated  J 
.Schulze's  macerating  liquid,  they  disintegrate  into  granules  [ 
Acu],  — a  substance  which  dissolves  in  alcohol,  ether,  and   | 
..Several  of  the  coal-tar  colors  stoin  the  cutinized  por- 
Bll-walls  very  deeply  i  if  the  specimen  thus  colored  is 
absolute    alcohol,  the  cutinized    parts    alone  remain 
adored.*     Two  points  relative  to  the  cutinization  of  epidermal 
cells  may  be  noted :  (I)  the  cutin  may  lake  on  the  form  of  lay-    I 
crs,  olten  numerous  and  conspicuous ;   (2)  there  may  be  a  con- 
lerable  irregularity  in  the  outline  of  the  deposits,  sometimes   | 
fiilds,  hooks,  and  the  like,  which  do  uot  strictly  conform  to  | 
cellulose  wall  on  which  they  arise. 
1C2.   MliwrallxBtlon  of  the  cell-wall.   Although  all  cell-walls, 
even  the  most  delicate,  can  be  shown  to  contain  traces  of  inor- 
ganic matter,  it  is  only  in  a  few  special  cases  that  such  substances 
^ipear  in  a  form  to  Ik  noticed  under  the  microscope.     Slincrall- 
of  tlie  wall  may  be  general  or  local,  may  depend  upon 
presence  of  crj  Btals  or  of  amorphous  deposits,  and  these  may 
list  of  silicic  acid  or  of  calcium  salts. 
IG.S.    General  mineralization  of  the  wall  depends  most  fi^- 
quenlly  on  silicic  acid,  and  may  be  liest  demonstrated  by  first 
boihng  the  8|)ecimen  in  nitric  acid,  drying,  heatjng  to  redness  on 
■foil,  and,  lastly,  treating  again  with  nitric  acid.     The 
nc  acid  remains  behind  as  a  delicate  skeleton  which  copies  iu 
particulars  the  contour  of  the  wall  of  wliich  it  formed  a  part, 
e.^amplee  are  afforded  by  the  harder  grasses.' 
'Calcium  salts  may  exist  In  crystalline  or  amor))hous  form,  and 
be  distinguished  by  the  testa  to  be  given  for  them  under 
section  on  "Crystals."     That  in  some  cases  thej-  constitute 
iDt  part  of  the  wall  itself  admits  of  no  question. 
the  cells  of  many  plants,  especially  Urt.icacete,  pedi- 
icretions  occur,  which,  on  superficial  examination, 


fGvT»:  Bull,  Soe.  hot.  de  Fr..  1S80,  p.  334. 
*  TabaAtfr  i;ou»UM  of  the  aJUceoin  aubslBDcea  which  o 
u  Ur^e  <]uaDtilies. 
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appear  to  be  mach  like  the  sphere-crystals  described  in  186.  Bat 
if  thej  are  carefully  treated  with  dilute  b^drocfaloric  acid,  tbe 
chief  part  of  the  concretioD  disappears,  leavii^  behind  a  deUcate 
trace  of  cellulose  which  was  intermingled 
with  it.  That  this  cellulose  was  an  in- 
trusive growth  into  the  cell  from  the 
wall,  is  shown  by  a  stody  of  its  develop- 
ment. In  most  caaes  sacb  concretions 
(Cystotitha)  are  plainly  stalked,  but  in 
some  instances  they  are  only  obscurely 
stalked,  and  are  with  difficulty  distin- 
guished fh>m  the  ordinaiy  cell  concre- 
tiona.  In  the  leaf  of  Ficus  elastica  (see 
Tig.  6)  they  are  more  completely  devel- 
oped than  in  any  other  common  plant. 

165.  Other  changes,  chiefly  those  of 
degradation,  may  take  place  in  the  cell- 
wall,  giving  rise  to  products  varionsly 
known  as  gums,  resina,  &c. ;  but  in  all  these  cases  there  is  such 
a  commingling  of  the  cellulose  derivatives  with  those  formed 
from  the  contents  of  the  celt,  that  they  cannot  be  readily  dis- 
tinguisheil. 

1G6.  Protoplasm,  as  was  shown  in  the  previous  sections,  gives 
rise  u[)on  its  exterior  to  the  cell-wall.  Inside  the  cell,  likewise, 
it  produces,  cither  directly  or  indirectly,  various  substances.  In 
the  [)rcscnt  chapter  these  substances  arc  to  be  considered  only  so 
far  HH  relates  to  their  detection  and  identification.  Most  of  them 
arc  to  be  examined  later,  with  reference  to  their  office  in  the  Ufe 
of  plants. 

1C7.  Flastlds.  In  the  protoplasm  of  active  cells  certain  gran- 
ules  having  substantially  the  same  chemical  and,  with  the  excep- 
tion of  their  color,  the  same  physical  properties  as  protoplasm, 
arc  clearly  dijferentiatcd.  They  are  imbedded  in  the  general 
protoiilasmic  mass,  and  are  not  separable  from  it  by  mechanical 
means. 

ICS.  Such  granules  may  be  conveniently  referred  to  three 
types,'  dcijcnding  upon  the  color :  (1 )  those  which  are  green,  — 

1  RpRpnt  investigations  render  it  probable  tbat  thcsa  three  kinds  of  granules 
nro  dprit'i'd  from  a  oommoii  source,  and  although  hardly  disliuguishable  from 

Pro  ft   Cr»t"llth  trom  th«  upper  p» 
A»  tiypfhlprma;  cr  e,  rTatoUlli ;  ch,ch^n 
thnt  Ills  pallnl  of  tha  c^stoUtb  appears  to  be  atlacbed  to  tbe  lo 
•plitsrnial  oalU. 
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Chioroplatdils,  or  chlorophyll  granules,  also  called  chloroleu- 
cites;  (2)  those  whlfeh  have  some  color  other  than  green, — 
ChromopltutUh.  or  cbromoleucit«s  ;  (3)  those  nhich  arc  devoid 
of  color,  —  Leucoplaatidt,  or  leucites. 

IG9.  Cltiorophytl  Graimle», 
or  Chloroplastids,  are  met  with 
in  the  green  parts  of  all  plauts  ; 
ill  fact,  to  them  the  green  color 
is  due.  But  they  are  somo- 
times  marked  by  the  presence 
of  color  iu  the  cell-sap.  Their 
Ghai>e  is  spherical  or  spheroidal, 
and  somewhat  Battened.  They 
have  an  average  diameter  of  2  to 
5  ;i.l>ut  many  granules  are  con- 
biderably  larger  than  this.  It 
flvquently  happens  that  they  be- 
tumc  of  great  size.  ORing  to  the 
prvaence  ofsolid  contents, —  for 
instance,  starch,  — which  may 
acctmiulate  in  lai^e  amount. 

170.  If  the  granules  are  sub- 
jected to  the  action  of  alcohol, 
Ibeir  coloring  matter  is  wholly 
removed ;  but  they  retain  their 
formiT  volume  aud  shape,  ap- 
pearing faintly  outlined  in  the 
protoplasmic  mass  in  which 
they  are  imbedded.  Ilcnce  it 
is  proper  to  distinguish  be- 
tween the  chloropliyll  Iwdy  of 
the  chloroi  lias  till  and  the  chloro- 
phyll pigment  which  imparts  to 
it  its  characteristic  color. 

The  chlorophyll  body  may  be  sliown,  by  the  process  described 
in  61,  to  bo  somewhat  spongy  in  structure,  aud  to  have  on  its 

neb  other  at  the  outwt,  become  cbioroplaitids,  chromajilnstlda,  or  leut'oplnn. 
tiil<,  ocfonling  u>  Ibc  port  «hivh  wch  is  to  play.  Horeove 
gTMiule  ean.  UDilor  wrtoiti  conJitioiiB,  pcrfomi  work  which  projiorlj'  lulon^  U 
vuiiUfi,  tu<l  \tau;i:  it  is  nnt  alnaya  faay  to  iilpntiry  tlic  ililTrreDt  kinds. 
niMt  CMca.  ho«BVi-r,  llifir  iliscriminution  is  veiy  Bimpla. 
Tli«7  are  «Uo  called,  rollcrtivclr.  OkronatorkorM. 
no.T.   CIiLDropbyll  cianulia  bi  ttie  leatof  VaUlBUsriii  ■plriiliB.   •;', 
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exterior  ftdeli(»te  Glta.  Mejer  believes  tliat  tho  coloring  matter 
takes  tlie  form  of  grains  of  extreme  minateoess  vhicli  ore  iiiter- 
Bj>ere<Hl  tlirougb  the  whole  subslBiicc.  while  TscbJrch  bolds  thnt 
tlic  pigment,  dissolved  in  a  liquid  similar  to  Uie  ethereal  oils,  is 
ditfusi'd  through  the  mase. 

171.  If  starch  is  prcBeut  iu  lai^e  amount  in  chloroplastids, 
iodine  causes  at  once  a  deep  bluish-brown  color ;  but  if  the  starub 
is  not  very  abundant,  the  characteristic  blue  inaction  is  concealed 
by  the  jellow  produced  hy  the  protein  reaction  of  the  praloplasm. 
Ilcncc  it  U  well,  alter  hav-ing  removed  the  chlorojibyll  pigment 
by  alcohol  and  aubsequent  washing  with  water,  to  treat  the  speci- 
men witli  moderately  tttrong  potassic  hydrate  in  order  to  dissolve 
the  protein  matters.  If  this  has  been  well  done,  and  the  speia- 
men  carefully  freed  from  the  potash,  the  protoplasmic  moss  and 
its  imbed<lecl  granules  will  seem  to  have  eompletelj-  disappeared  ; 
but  tlie  skilful  use  of  oblique  illumination  wiU  show  that  an  un- 
dissolved trace  of  something  having  the  former  contours  remains 
behind.  Application  of  iodine  brings  out  minute  blue  points 
where  the  granules  were. 

Chloral  hydrate  of  the  strength  recommended  in  &3  mty 
replace  potassic  hydrate  in  tliis  examination. 

172.  The  starch  iu  chlorophyll  granules  is  sometimes  wholly 
within  the  granule;  hut  it  is  occa- 
sionally—  es|jecially  in  the  case  of 
flattened  granules — found  on  their 
exterior,  forming  a  noticeable 
tuberancc. 

173.    When   a  plant   containing 
g  chlorophyll   granules  is  kept  for  a 

time  in  durkness,  the  production  of 
starch  is  arn-Btcd  ;  and  if  other  forms  of  activity  continue,  oren 
that  starch  which  has  already  accumulated  in  the  granulea 
disappears.     Fmthermore,   the 
color  of  the  graiuites  is  changed 
from  green  to  yellow  ;  and  if  the 
change  is  not  arresteil  at  this 
point   by   bringing    the    plant 
i^in    into    tlie    light,    all    the 
granules  wilt  lireak  up  and  be- 
come apparently  merged  in  the 

Fin.  8.    Chloroiiliyll  trnuinlM 

PblliKlxnJrcHi  Krnn.lirDlliim     'f. 

Fia,9a,   From  IbeoTiMernillu 


le  or 


r 

general  protoijlaamic  niasa  of  tbc  cells,  being  no  longor  rec<)ti- 
nizable.     TIiobo,  bowAer,  ivliicli  have  been  changed  uu  further 


LKUCOPLABTroa, 


than  by  losa  of  color,  closely  resemble  nnotLer  kind  of  grannie ; 
namely,  Icueophtttids.     (For  exceptions  see  Chapter  X) . 

m'.    Lcncoflaslitlg.    These  are    found   in    parts    which    are 

ally  devoid  of  chlorophyll,  BUeh  as  tubers,  rhizomes,  etc. 


They  may  he  wholly  colorless,  or  faintly  tinged  with  yellow,  and 
bence  are  apt  to  escape  detection.  They  m.iy  be  considored  as 
tiie  points  arouud  which  starch  accumulates  when  stored  for  the 
fttture  needs  of  the  planL  Schimper,'  who  Brst  accurately  de- 
scribed them  in  all  their  relations,  terras  them  "starch  genera- 
lots  ; "  they  are  also  known  as  amylvgnnic  bodies,  which  ()r 
oourw  means  the  amnc  thing.     They  are  seen  to  the  best  adviui- 

'  Schimi^r:  Bot,  Zeit..  I8S0,  1S8],  1883, 
Fra   >b    Suns.  miirB  wlTkneHli  a.tba  fttnjrlngciiin  InHFi  itrsiviTartiil  irilli  (tanh- 

fTBliifti  K  tma  tinrlrl  m  t  (wll-wftU,  «kcli  HiTTuunded  by  arpyloiEOtilc  bollH  coterttd  \'j 

■Hsh.    ■!•    rScblmiMr.i 

no-ia  a.  t'inintKinylnititnlclulle.RirmnmllnicllianDnlflu.oraoelllntliem'rf'.r 

n^o*  (nuHllfnitiii,-  a.ume,  wllh  lUrcOi-graiiu  derslopitic  i  r,«unii,  morcadi'Uiwd. 
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tage  in  thin  sections  of  manj^  starchy  tissaes,  by  the  use  of  dilate 
tincture  of  iodine,  which  colors  them  more  or  less  deeply  yellow. 
Millon's  reagent  colors  them  red. 

Owing  to  the  minuteness  of  the  leucoplastids,  the  following 
explicit  directions  by  Strasburger  will  aid  in  their  detection: 
Make  thin  longitudinal  sections  through  the  upper  part  of  a 
young  pseudobulb  of  Phajus  grandifolius,  taking  care  tliat  the 
cut  extends  to  its  green  surface.  Immediately  place  the  sections 
in  an  alcoholic  solution  of  iodine  diluted  with  one  half  its  volume 
of  water.  (Picric  acid  may  be  advantageously  used  instead  of 
the  iodine  solution.)  In  good  preparations  the  leucoplastids  will 
be  seen  in  the  inner  part  of  the  section  as  small  staff-shaped 
bodies  which,  at  the  first  glance,  appear  to  be  homogeneous,  but 
are  afterwards  recognized  as  somewhat  granular  in  sti'ucture. 
The  section  is  next  to  be  examined  nearer  its  outer  part,  and  it 
will  then  be  seen  that  the  bodies  there  possess  a  green  color, 
are  larger,  and  lenticular  in  form.  They  are  also  plainly  porous, 
their  increase  in  size  being  apparently  associated  with  a  spongi- 
ness  of  their  substance.  Their  size  diminishes  towards  the  outer 
cellular  lay ei*s,  they  become  somewhat  rounded,  and  finally  take 
the  familiar  form  of  chlorophyll  granules.  Prismatic  colorless 
protein  crystals  are  frequently  associated  with  these  bodies. 
In  sections  which  are  placed  in  water,  the  leucoplastids  disap- 
pear almost  instantaneously,  and  even  the  chlorophyll  granules 
soon  begin  to  disorganize,  while  the  swollen  protein  crystals  then 
appear  as  colorless  paits  of  the  latter. 

In  the  rhizome  of  Iris  Gcrmanica  the  sections  for  examination 
must  be  taken  parallel  to  the  surface.  In  uninjured  cells  the 
leucoplastids  appear  as  collections  of  protoplasm  at  the  end  of 
each  starch-granule.  If  the  section  is  in  water,  the  leucoplastids 
become  granular  and  finally  break  up  into  minute  granules  which 
show  the  Brownian  or  molecular  movement* 

Chrofnoplastids^  or  the  color-granules  which  occur  abundantly 
in  flowers  and  fruits,  will  be  specially  treated  later. 

175.  Protein  grranules.  The  protein  matters  in  plants  have 
been  divided  into  two  classes:  (1)  the  active^  such  as  active 
protoplasm,  the  nucleus,  etc. ;  (2)  the  reserve^  which  can  change 
their  dormant  condition  and  become  active  when  occasion  de- 
mands. Inactive,  amorphous  protoplasm,  as  it  sometimes  exists 
in  certain  cells,  where  it  is  simply  a  tough  shapeless  mass,  does 
not  need  further  consideration  at  present ;  the  reserve  matters 

r  —         -  -  ■ — ■ 

*  Strasburger:  Das  botan.  Practicum,  1884,  pp.  67,  68. 
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now  to  be  examinetl  being  those  wliicli  take  tlio  furm  of 
less  ivgular  grains.     Tlieso  n-bieh  are  known  as 

17G.  ProU'in  granules  may  be  either  indepencknt, 
dat4vt  with  otb«r  Bubsl^nces.  In 
Dearlj-  all  cases  they  are  more  or 
less  soluble  in  water,  nml  hence 
TCfinii-e  special  Irealmeut  for  their 
satis  factory  esami  nation.  Cells 
enpposed  lo  cotilain  them  may  l>e 
Iilaced  for  examination  in  any  flsod 
oil.  and  tbe  granules  will  remain 
nndiaiigec).  A  more  praeticnhle 
inetbo>l  of  treatment  is  su^cstt'tl 
by  Pfeffcr ;  namely,  to  subject  t!ie 
gnuiules  lo  the  action  of  an  alco- 
holic solution  of  mercuric  chloride, 
by  which  they  are  rendered  insoluble  (see  G3).  The  Bohition 
is  made  by  dissolving  one  part  of  mercuric  chloride  (corrosive 
Bubtitnate)  in  Glly  parts  of  absolute  alcohol;  in  this  solution 
the  thin  Bccliona  of  seeds,  etc.,  suspected  of  containing  pro- 
tein grannies,  mnst  be  kept  for  at  least  twelve  hours.  Upon 
reiDoval  to  water,  after  thia  period,  they  remain  substantially 
unchanged.  The  precaution  must  be  taken  not  to  touch  with 
Biiy  ntclal  the  sectiojis  after  they  have  been  placed  in  the 
mercuric  chloride  solution. 
.  .  )>»._  They  must  bo  removed  by  a 

|OC'q\  ^^^^k^    cnmel's-hair  brush. 

//->Q^-o\  j^^^'^^A  ^''"   "^^^  protein  matter 

I      ry^CTlp      X^^^^i      '*'"  ^'"'■'^   protein   gr.anules 

'     -^J*-'  ' '  ^'^^^5'  f "'  deflnite  shape,  or  a  por- 

^^1  tion  may  assume  somewhat 

,3  the  form  of  crj'stals.     The 

latter  have  been  called  pro- 
tein crjstals  or  crystalloids,  and  they  are  generally  associated, 
in  the  granules  of  which  they  form  a  part,  with  inoi^nnic  matters 
either  amorphous  or  crystalline.  Hence  in  some  protein  gran- 
ules we  have  to  distinguish  between  the  inorganic  contents,  the 


Fio  n. 

Cells  ffoni  CO 

Tlslom  of  VIrU  mlWa 

,W 

m 

proMu 

■DB 

ten 

n  »  flnriy 

dt*M«d.ii 

rin.  K 

Prottln  irranu 

erilMperto 

(Bl 

Tht 

Hpcdinsn 

tain  ill 

y     (Ptfltei  1 

rut  IS 

fVitetniruiD 

«ifr0m(h 

TBIc 

nil. 

Tll8 

•perlmi-n, 

flnttn-lodwItbiDtrcDr 

I'  cblorlila  In  kbMluM  alcoUul 

.)'. 

iPttHot.} 

THE  VEOETABLE  CELT.  IN  GENERAL. 

protein  crjstal-Iikc  bodicB,  and  the  proteio  baaia  or  stroma  in 
which  all  of  these  &k  held. 

The  protein  basis  sometimes,  if  not  always,  sppears  to  consist 
or  two  substances,  differing  in  their  eolubilily  iu  water,  and  com- 
mingled as  granulose  and 
cellulose  are  in  starcb- 
gianules.  "While  the  pro- 
tein basis  is  generally'  very 
soluble  ill  water  (not  per 
ae,  but  owing  to  the  pres- 
ence of  potassic  phos- 
'  insoluble,  or  only  sliglilly  alTccted 
ir  less  swollen.  Alter  solution  of 
Uie  proI«in  basis  has  taken  place,  a  delicate  membmnc  is  left 
behind,  and  through  tliis  transparent  film  the  protein  cr.vetala 
are  clearly  seen.  The  relative  amounts  of  protiin  basb  and 
protein  cr^'stals  vary  widely  ;  in  some  cases  the  former  appears 
to  be  wanting,  the  latter  wholly  filling  the  interior  of  tbc  mem- 
brane.    Such  crystals  appear  in  potato-tubers  in  the  form  of 


phate),  the  protein  crjstals 
by  it,  usually  becoming  n 


small  cubes.  Protein  crystals  of  great  beauty  are  easily  dm 
onstrated  in  the  endosperm  of  the  common  Brazil-nut  (Ber-  . 
tholletia).  Verv  instructive  phenomena  are  presented  when 
different  sections  of  the  seed  are  subjected  to  the  following 
reagents;  (l)osmicacid  (one  per  cent  solution);  (2) hrematosylia 

.    (Pftffiw.l 


«l«lMlnFlr  11. 

mSllybuifi  nmrlatium.  In  me  coll  oil  mp  ipri  luojniiTO 
n  I1ia  light,  globolila.  T1il>  McUon  w»  Ukcn  It-am  lh( 
Uoent  wllb  m«rciulE  chluriilo  tn  slcollal  *M 


rto.  14.  single  imteln  frmn 

Fio.  la.  Protetn  grx'    '     ' 
crjUtXlintcnntrnn;  It 
MiTleilmw  of  ■  domui 
placed  In  irMor.    '(».    (Ffeirsr.J 

Fto.  18,  The  mall  of  tfae  graiinil  main  of  tbe  nil  hu  been  eleind  bf  illlule  potaMl« 
hjdnUuid  fajrdmehlarliMKlil.    n  (^  nncleni.    *y.    fPteBbr.) 

Flo  II.  Celii  lyom  Uiteniyleilnnii  of  ■  i!i>nnlnitilnei>Kecl  wlilt'h  bujdiit  ruptaredtb* 
-    Tba|ir>itclnfruiulc«b»siUuppiiiuB<l,  but  Oielr  content*  ko  ropignli»ble. 
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in  concentrated  glycerin ;  (3)  concentrated  polnssic  lijdrate, 
waUr  being  added  afterwards.  I'ermanent  preijarations  of  pro- 
tein crjstiila  can  be  made  by  first  acting  on  the  seetion  with 
mercuric  chloride  for  a  day  or  more,  waaliing  in  water,  staining 
with  eofiin,  and  finally  muimliug  in  potassic  acctale  (101). 

'Hie  inorganic  matters  associated  willi  tlie  protian  cryatala 
in  proU'iu  grannies  are  citiici' 
(1)  anior[dions  or  globular  con- 
ca-lionaof  a  double  phosphate  of 
cnlcinni  and  magnesium,  known  ^^  ^__._, 
as  glnhoi'h,  or  (2)  crystalline  WS/Sj^M  ^k  ^k 
clusters  of  calcic  oxalate.  ^^'^^^Sl     !^P      ygj^ 

The    protein  granules,   eape-  jg  ;, 

cially  those  which  are  most  com- 
plex in  their  ciiniiKiaition,  are  also  known  as  Aleiirone  grains. 
The  protein  crjatals  are  gencralli'  termed  cri/stalloirJs}     For  an 
an.ilytical  classification  of  protein  granules  in  seeds,  see  pages 
182  and  1M3. 

178.  Slarch,  the  principal  form  in  which  the  elaborated  food 
of  plants  is  held  in  reserve,  occurs  as  minute  spheroidal  or 
polyhedral  granules.  Under  a  suf- 
ficiently high  power,  and  with 
proper  management  of  the  mirror 
of  the  microscope,  the  single  gran- 
ules exhihlt  an  appearance  of 
stratification  which  is  sometimes 
verj-  distinct,  but  more  commonly 
obscure  ;  in  the  latter  case  dlluto 
chromic  acid  can  be  used  to  ren- 
der the  strattflcation  plainer.  The 
layers  of  stratification  are  ar- 
ranged around  a  point,  —  often  very  eccentrically,  as  in  potato 

'  The  (net  that  protein  ciyitala  have,  as  a  ruls,  less  ponstanry  in  tleir  hurIps 
thaB  iaorpinio  cryalals,  taken  tagciher  with  ths  fact  of  thi-ir  swelling  when 
'  li^J  natbon  to  apeak  of  them  ai  trjtUXMtt  nther  than 
u  crpitals.  But  Faraintzin  has  rwently  shown  that  certniii  crj-stallina  form* 
srtifiriall.y  produced  obscure  these  disttnctione,  since  the;  a^e  more  olowly  in 
r  of  their  physir«l  chnmclfTs  with  orprnic  Btmc'lnres  than  nith  ortliuary 
ystala  (Ber.  der  deiitsi^h.  hot.  Oi-aellsrh.,  1884.  p.  32). 

ajitjil*  nt  fac  Some  of  Ilia  iTBniiln  are  com|nuiHl  nnrrh-grsnnliii,  h 
'n  granuisi  wltb  er^staUukla.  Tbe  rhodiblc  Ermnnle  ha*  ItanllT  I 
IPIMWr) 

a.  30.  Q1<>1.nlrlii  of  VKIi  vlnlfera.    m".    ITtftTfi ) 
J.  11.  JOTtr  lioHoln  iratiul™  tratn  VHU  tlnlfcra.    'f'.    (PlMfcr.  1 
k  21  WlKBC^raJn,  abavisc  DeUs  oonululnc  Manli-sraBnlH.    (Bdm 
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starch,  or  with  groat  regiilar- 

§^^^  ity,  as  in  wheat.  This  point  is 
jpSa  knowQ  as  the  nucleus,  or  htlum. 
I^^K  If  two  or  more  Dudei  are  dia- 
^^^V  cemible,  the  granule  is  said  to 
be  compound. 

!3  Occasionally  many  email  sin- 

gle granuks  cohei-e  slightly  to 
form  an  aggregate  which  can  be  easily  broken.  According  to 
Wiesner,  tbfie  may  be  as  many 
as  30,000  granules  in  a  single 
aggregate  of  this  kind. 

Both  simple  and  compound 
granules  may  occur  in  the  same 
cell,  but  some  plants  have  only 
simple,  and  others  only  com- 
pound granules.  Canna  and 
Curcuma  may  be  cited  as  exam- 
ples of  the  former ;  Jatropha,  of 
the  latter. 

Since  starch  occurs  in  every  " 

plant  in  all  stages  of  development,  tlie  size  of  the  grnnuli^a  must 
be    extremely    variable.      Neverlheless,    a 
jp^Ti       J3L..     statement  of  the  more  common  limits  may 
N^f       (flHJ)     ■*'"'  '"  'l^'^i''  identification. 

^^^  Wiesner  gives  the  following  limits  of  si 

for  some  of  llie  more  common  sorts  of  starch, 
first  grouping  them  into  small,  medium,  and 
largo  granules. 

Small  grannies  (from  0.002  to 0.(115  mm.)  : 
as  the  simple  granules  of  rice,  oats,  buck- 
mailer  granules  of  wlieat,  ne,  barley,  etc. 
i  (from  0.02  to  0.05  mm.)  :  as  the  compound 
granules  of  i-ico  and  oats,  the  larger  ones  of  wheat,  rye.  and 
barley,  the  simple  granules  of  Indian  com,  and  of  the  commi 
leguminous  pbntti. 

Large  granules  (distinguishable  as  granules  to  the  naked  eyej 
as  the  simple  granules  of  Curcuma  leucorrhiza,  Canna  ednlia, 
potato,  ete. 

Fin.  £S  9Unh-Kr*nnI« 
clcim  wt  the  Dppcr  part  ai 
(SrlilDiper.l 


'i^ 


wheat ;  also  the  s 
Klcdium  granules 


t 


icn  of  starch  be  gently  heated  with  water  upon  a  glass 
the  grsDules  nUl  be  eeeu  to  swell  at  a  teui[>erature  of 


0    0 
0^     (2)c^ 


Oo 


<3 


40'-50''  C,  and  the  nppoarance  of  stratification  will  often  be- 
come plainer.    The  alkalies  and  mineral  acids  generally  hasten  the 


Tia.  M.  SUtrcli-innnlsnrirlieBt. 

Tin,  77.  8Ikrch'«Tiniil«of  IiH]lftn< 

Fro  V<  StKrrh-^ninitlw  nTlmrlAj 

Via.  S3  Slftri'h.iTiiniilo  nf  Mkrnnt 


Flo.SS.  StKrah-KranntniotnaU. 
Fio.  30.  SMrFh-ETftTinlninrrinL 
Pia  3L.    Staioh-srualai  of  poUIO. 


50  THE  VEGETABLE  CELL  IN   GENERAL. 

formation  of  sUirL-U-pasto,  and  bring  about  some  other  changes, 
such  as  iU  L-onveraion  into  soluble  matters. 

179.  Starch  is  usually  said  to  have  tlie  following  composition, 
CsH,„Oj.  and  these  proportions  arc  doubtless  correcUy  stated; 
but  it  is  [irobalile  that  the  molecular  eonslitution  is  more  com- 
plex than  tills  formula  would  indicate.' 

180.  When  stareli  is  acted  on  by  saliva  or  ]>epsin.  it  is  slowly 
separated  into  two  substances,  one  of  which  passes  into  solution, 
while  the  other  remains  as  a  skeleton,  and  with  little  change  of 
form.  This  delicate  framework,  which  remains  after  the  solid)le 
matter  is  removed,  is  closely  related  to  cellulose,  as  shown  by 
its  behavior  with  reagents,  and  has  received  the  name  of  March 
ceOvloae.  The  substance  which  is  removed  bj'  the  action  of  saliva 
is  termed  granuloae. 

181.  When  starch  is  not  associated  with  too  large  a  propor- 
tion of  protein  matters,  it  can  always  be  detected  by  the  blue 
color  which  it  takes  with  iodine  in  solution  ;  but  if  protein  sub- 
stances are  present  in  considerable  amount,  they  may  olracure 
the  reaction  by  the  yellowish  or  brown  color  which  iodine  im- 
parls Ui  them.  Iodine  does  not,  however,  always  produce  n  hlua 
color  with  starch;  the  shade  may  varj'  towards  red,  forming  a 
purple  which  may  be  almost  black.  Furthermore,  as  the  tran- 
sient color  given  by  this  reagent  fades,  it  may  pass  througli 
various  tints  of  orange  and  yellow. 

Protein  matters  which  mask  the  starch  reaction  may  be  re- 
moved bj-  careful  treatment  of  the  specimen  «ith  {xitassic  hy- 
drate (not  too  concenti-atcd),  and  subsequent  washing  with  pure 
water,  Ader  such  treatment  it  sometimes  happens  that  the 
starch  api>eara  as  a  diffused  mass  instead  of  in  minute  dots. 

182.  When  starch- granules  are  seen  in  polarized  light  they 
generally  exhibit  two  crossed  lines  which  appear  to  tui-n  as  the 
Nicol  prism  is  revolved.  Many  kinds  of  starch  give  under  the 
polarizer  characteristic  figures,  many  of  them  of  great  beauty. 

183.  Initlin,  although  occurring  in  solution  in  cells,  is  never- 
theless thrown  down  in  characteristic  foiTUS  by  means  of  the 
presen'ative  media  alcohol  and  glycerin,  aud  can  be  examined  as 
a  solid.  If  the  root  of  Dahlia,  TIelianthus.  or  any  of  tlie  com- 
mon Compositie  which  store  op  their  food  in  fleshy  undergroond 
parts,  be  subjected  to  the  action  of  alcohol  for  a  few  days,  thin 
Bccldons  will  exhibit  in  the  cells  peculiar  masses  of  a  spheroidal 


'  W.  Najteli,  however,  givm  the  fommla  Tor  starch  as  foUowa  ;  C^H, 
Beitr.  e.  niilicmi  Eenotniu  der  Starkegruppe,  1871, 


■ii.«i^H 


I  which  Bre  distinctly  radiating  in  structure.     Occasionally 
aes  have  lame  rilta  uhiclt  I'un  across  the  suifuce  ol'  the 


isety  rpsomhles  starch,  but  does  not 
To  ite- 


1  composition,  intilin  clt 
be  any  tolor  with  iodine. 
t  it  when  in  solution,  a  thin  scc- 
.  of  the  plant  containing  it  is 
oistencd  on  the  glass  slide  nitli 
M^liite  atcohol,  wben  a  clondy  pic- 
pUitc  will  at  once  appear;  in  a 
«rt  time  (the  snpply  of  olcoiiol 
;  heen  repleuisbcd  as  it  ovaj)- 
ntcs)  the  s|iccimen  grows  clearer, 
1  small  sphierocrystaU  of  iniilin 
)  seen.  If  now  the  specimen  is 
re  fully  washed  with  water,  the 
Bialkr  grnnnles  disHpj)ear  and  the 
Well-dedned  remain. 

im.  The  c«rbohjdnites  dissolTed 
In  Uie  cell-sAp  may  be  grouped  in  tn-o 
« :  (1)  those  whieli  are  isumoi-s 
ITccllnlose  (•'.  e.,  have  the  same  per-  "" 

BOtage  composition,  CjHinOj),  and  (3)  the  sugars. 

>  isomers  of  cellulose  are  mucilage,  gums,  and  dc::trin, 
all  of  which  are  probably  derivatives  of  starch.     Various  sub- 
stances intermediate  between  them  have  been  described,  but  the 
khovc  are  all  that  need  now  be  taken  into  account,    (a)  Mucilaffe, 
Jfhen  not  plainly  resulling  from  the  breaking  up  of  the  eell- 
,  ia  colored  red  by  rosolic  acid,  and  the  color  is  not  readily 
jved    by   alcohol,      (b)    Tf/e   gianx,  of  which   cherry  gum 
iky  he  taken  as  an  example,  arc  not  tinged  by  rosolic  acid. 
)  Dextrin  can  be  detected  hj-  Ti-ommer's  test,  which  Sachs  ap- 
Ecs  as  follows  :  a  section  which  is  at  least  a  few  cells  in  thick- 
a  ia  placeil  in  a  porcelain  capsule  with  a  strong  solution  of 
lulpliate,  and  the  liquid  is  heated  to  lioiling;  the  spccimea 
t  then  washed  in  water,  and  dipped  at  once  in  hot  potassa. 
r  the  cells  contain  either  dextrin  or  grape-sugar,  there  will 
j^mediately  appear  a  reddish  precipitate.    To  discriminate  be- 
jen  dextrin  and  gra|ic-sugar.  it  is  merely  necessary  to  keepj 
lortJons  of  Ihe  plant  to  be  examined  in  90  or  9.5  per  cent  alcohol) ' 
"which  will  dissolve  out  the  sugar  and  leave  the  dextrin,  if  any' 


I 


Fpi  a,    BpUvrocryilaliof  laullnrrom  RWt  of  Cloborjr  treated  niUiiJsohoL    <(*■ 
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is  present.     Usually  all  the  grape-sugar  is  cxtraded  in  a  da^ 
or  two. 

2.  The  migara.  Grape-sugar  lias  been  just  refeiTed  to  as 
giving  the  same  reaction  as  deslrin  witli  Trommer'a  test.  Its 
formula  is  CuH|jO„.  Cane-sugar,  wliiuL  Los  tlie  rorniiila  C|,ir„0,i. 
gives  no  red  preeipitate  nilli  Ilie  same  test,  but  tbe  liquid  in  the 
cells  becomes  bright  blue,  and  quiL-kly  diffuses  into  ili«  potassa.* 

18j.  CiTstalg  arc  of  such  gt;ncral  occurrence  in  widely  differ- 
ent orders  of  the  higlicr  plants,  that  there  are  perhaps  none 
in  which  they  may  not  be  detected.  Tliey  have  been  found  in 
nearly  all  paits  of  Lhe  vegetable  structure,  more  commonly  in 
the  interior  of  paiumcbyma  cells,  sometimes  in  specinlized  crj's- 
tal- receptacles,  occasionally  in  the  verj-  substance  of  llio  cell- 
wall.  They  occnr  cither  singly  or  in  groups ;  either  separate  or 
barely  coherent,  or  in  various  degrees  of  combination. 

When  solitary'  and  simple  they  are  usually  octahedra  or 
prbms,  and  their  nggregaliona  are  comliinations  of  these.  Good 
octahedral  crystals  are  afforded  by  tlie  petioles  of  Uegonia ; 
examples  of  the  prismatic  form  are  found  in  the  outer  scales  of 
onions,  in  orange  leaves,  in  the  inner  bark  of  ninples  and  apple- 
trees,  and  in  most  of  the  tissues  of  Iris  and  its  allies. 

When  the  prisma  are  very  long  and  slender  their  angles  and. 
f^ces  are  seldom  well  defined.'  Indeed,  tbe  most  attenuated 
forms  are  usually  terete,  or  slightly  Battened,  and  tii]>er  gi-adually 
to  a  point  at  both  ends.  To  these  De  CanduUe  long  ago  gave 
the  name  HaphiUen,  ^  that  is,  needles."  These  are  generally 
massed  in  a  compact  bundle,  like  n  wheat-sheaf,  occupying  a 
large  part  of  the  interior  of  the  containing  cell. 

Raphides  are  by  no  means  of   such   genon 
are  ordinary  crystals,   but  (as  Gulliver    has    pointed  out)   ai 
seemingly  restricted  to  certain  onlers.'    They  are  universal 
ArnceEB  and  Onugraeeie.      In  the  common  Arums  and  Callas, 
raph ides-bearing  cells  may  readily  be  found  in  the  parenchyma 


<  rHn^hpitii'fl  Jahrb.,  iii.  p.  187.     lu  the  SitzuDgaber.  d.  k.  Alud.  Win 
fof  1 859.  SiLphn  has  given  colorf d  figures  illuatrntive  of  thesn  reactioDS. 

»  WUeii  the  loHgsi'  iirisma  arc  clearly  Jcfined.  they  nre  refeniblH  to  the 
clinic  syBtem.  HcasureTnontfl  of  angles  ara  giren  by  HoUner,  in  Flora,  186*, 
■p.  292.  A  jnprr  by  Bailny  (Am.  Journ.  of  Sc  and  Arti,  vol.  zlviii.,  1846, 
p.  17)  also  coDtaios  determinatioDR. 

"  Orsanogiaphie,  1827.  p.  125. 

*  Gulliver  hus  vxamined  refiresentBtivc  plants  of  all  the  more  important 
nnUiK  of  lhe  British  Flora,  with  respect  to  the  oeenrrrnce  of  (tiagnostic  ciyii- 
tali  (AaaaU  and  Uogazina  of  Nataial  History,  1863  to  1867). 
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f  the  leaves,  and  detaebcd  entire ;  on  Ijecoming  turgid  wl 
wetted,  tlicy  nill   usaally  discliarge  ti\e\r  rapliides  one  by  one    ' 
rroin  one  or  both  ends  of  the  cell  until  the  bundle  is  almost 
exhausted.' 

186,    When    the  ordinary-  octahedral    or    prismatic   crystals 
■re  iiggregat«d  or 

'  combined,  ihey 

^^^^pBHerally  compose 

^^^^kspliericnl  mass. 

^^^hiph    aggrcga- 

^^^Kwfl  arc  or 

^^^wincipal    types  : 

^^^^H)     those    made 

^^^l^i  or  many  small 

I  cr)-8tals  irregular- 

I  ly    grouped,    and 

I  Dsually  presenting 

sharp  |)oiuts  over  

the     surface,     as  x        h 

in  Fig.  Se«/  (2) 

I  those  with   a  distinctly  radialetl  structure  {Fig.  36  0.      Gowl 

examples  of  the  former  are  abundant  in  the  foliage  of  Chenopo- 
dtnceie  and  the  stems  of  Cactaceie.     Chisters  belonging  to  the 
latter,  or  slcllale,  type  are  not  uncommon  in  MalvaeejE.     Both 
IS  have  been  termed  SphtEraphidti*  and  Sphere-crystals, 
term   eystoUth,   sometimes    improperly   applied    to    them, 
lid  be  wholly  restricted  to  tJie  peculiar  bodies  described  on 


I  tottei 


40. 


187.  Owing  to  the  meclianicnl  difficulty  of  isolaling  plant- 


nsl.,  s^p.  2,  lome  y.,  183(1)  described  tlie  rapliidei 
whkli  tliis  disclmrge  tnkes  plncc,  under  the  natii' 


to 


Tnrpin  (Annnln  de! 
ingcellit  orCslndiun 

"Tlip;  are  most  jnvgiilarly  scattered  through  the  tissiiM  or  the  planL 

I  IiitTK  nnrer  taWeA  lo  Rnd  llieni  in  n  single  species  of  the  ardcr  Caryo. 

pliyllame,  GervTiincea,  Lythrnceje,  SajtifragncHe,  and  Crliracere,  nnJ  believe 

that  Tkw  if  any  ordcn  conld  be  named  in  nhieh  >pl3ii!ra|>hiJra  do  not  exUt  u 

iiid  pBiTel  "r  the  liealthy»nd  (ffRwicg  almctnra  of  the  plant"  (Gulliver, 

AniuUi  and  Mngnmo  of  Natural  History,  vol.  xil,  1863.  p.  227). 

Tta.  3(1.  Tin  mrm  Impnrlant  fomii  if  cnntali"  of  calde  rnaUM:  a,  Mirw  «llii  from 
legnnln  manlnila^  b.  fmro  <1i«  leaf  nf  TrivlENainUa  illMoInc;  r  uid 
V.  timn  llis  Imf  oT  Alltnm  Cey»:  e,  fhim  tlia  Inner  barW  nt  ^wolun  HIppncMtniniiiil 
leaf  of  Cjaa  rvvolaM;  u.  a  iwll  rrni'nlnlnj  rnphfil™.  tVom  tlie  frond  of 
Ixmnn  trlanln;  I.  a  iilntria  erjutal  tfm  tl>«  mime,  more  lil^lilj  masnlHeil ;  i,  fpliicro- 
crrKalCniniriiallnacauInu*    (KHr.) 


I 

I 
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cn'stals  for  examination,  their  chemical  composition  has  not  3'et 
been  determined  with  certainty  in  all  cases.  That  a  protoplas- 
mic film  usually  envelops  both  solitary  and  aggregatc<l  cnstals, 
can  be  shown  b}*  the  method  i)ointed  out  bj'  Payen ;  *  name!}*, 
by  dissolving  the  cr}'stal  slowly  in  very  dilute  nitric  acid,  and 
testing  with  iodine,  when  the  film  will  become  yellowish-brown. 
It  has  also  been  made  out  beyond  question  that  some  cr}*stals 
have  a  considerable  admixture  of  cellulosic  matter,  and  tliat  a 
few  others  are  covered  b}'  a  membrane  of  cellulose.*  But  these 
two  substances  do  not  obscure  the  chemical  reactions  in  ordinary' 
cases,  by  which  it  has  been  shown  that  the  larger  number  of  crys- 
tals consist  of  calcic  oxalate,  after  which,  in  frequenc}'  of  occur- 
rence, comes  the  carbonate  of  the  same  metal.  These  two  salts 
can  l>e  easily  distinguished  from  each  other  by  the  following 
simple  tests :  — 


Reagent 

Calcic  Oxalate. 

Calcic  Carbonate. 

Acetic  acid. 
Hydrochloric  acid. 

No  effect 

Dissolves  without  ef- 
fenresrence. 

Dissolves  with  effer- 
vesceiice. 

Dissolves  with  effer- 
vescence. 

Since  these  two  salts  may  occur  in  the  same  specimen,  it  is  best 
to  use  acetic  acid  first ;  by  this  agent  all  traces  of  the  carbonate 
are  removed,  and  li3drochloric  acid  can  then  be  applied  in  order 
to  detect  the  presence  of  oxalates.  Sanio*  and  Holzner  have 
shown  conclusively  that  many  cr3stals  which  have  been  supposed 
to  Ikj  calcic  carbonate  consist  merel}*  of  the  oxalate. 

Crystals  of  calcic  sulphate  have  been  rejwrted  as  occurring 
in  certain  Musaceie,*  in  the  bark  of  the  willow,  in  the  roots  of 
aconite,  bryony,  and  rhubarb ;  and  also  in  the  root  of  a  young 
bean.'    Calcic  phosphate  is  said  to  have  been  detected  in  the 


1  Payon  :  Mom.  des  savants  Strangers,  ix.,  1846,  p.  91. 

«  Kokinoff  (Bot.  Zeit.,  1865,  1867),  Crystals  in  pith  of  Ricinus  and  Kerria. 
Pfitzer  (Flora,  1872),  crystals  in  the  leaves  of  orange  and  the  bark  of  many 
trees. 

fiilgers  has  investigated  the  occurrence  of  crystals  at  different  periods  of 
growth  of  different  organs.  From  his  results  it  appears,  (1)  that  in  the  very 
youngpst  i»art8  no  crystals  are  to  be  found  ;  (2)  they  appear,  however,  very 
early  in  most  parts,  and  (3)  speedily  attain  their  maximum  size,  after  which 
they  undergo  no  change  (Pringsheim's  Jahrb.,  vi.,  1867,  p.  285). 

■  Sanio  :  Monatsber.  Berliner  Akad.,  1857. 

♦  Van  Tieghem  :  Traits  de  Botanique,  p.  526. 

*  Sitzungsberichte  der  Wiener  Akad.,  xxxvii.,  1859,  p.  106. 
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wood  of  Tec'tona  grandis  (Indiaii  Teak).'      Ilolzner'  ubcb  the 

rutloiring  roattion  In  detect  caleiu  eulpliate :  a  solution  of  baric 

ctiloridb   (uot  too  concentrated)  is  brought  into  contact  with 

^  ■;ni'stnl  under  esamination ;   calcic    Bulphate  soon  ])econiea 

fered  with  a  whitish   deposit  of  baric  sulphate.      This  t«3t 

BImI    to   sliow  the  presence  of  calcic  sulphate  in    ttie   plnnt- 

^tals  hlUjerlo  refvrn:d  to  tliiu  ealt ;  they  ail  gave,  hotrever, 

I  reactJoD  fur  the  oxalate. 

J68.  Cn  stAla  closely  resembling  in  most  respects  those  which 

B  round  in  cells  can  Iw  produced  by  Vesqiie'a  method.'    Three 

t-tubes  are  placed  side  by  side :  in  the  first  is  a  moderately 

Br^  solution  of  uilcic  chloride  ;  in  the  middle  one,  a  live  per 

Wt  s«ilutiiin  of  sugar;  and  in  the  tliii-d,  a  solution  of  iwtassia 

nlatv.     From  the  liquid  in  the  firet  to  that  in  the  second  a 

lort  strip  of  liltt'ring-pa)K.>r  runs,  and  a  similar  strip  passes 

fruin  the  second  to  tlie  tliird  test-tiihe ;  and  thus  the  licjuids  in 

the  three  tidies  are  brought  into  indirect  contact.     Crj'stals  will 

be  formed  in  the  middle  tube,  their  character  depending  upon 

the  iiaMrc  of  the  liquid  (here.     In  a  solution  of  sugar,  raphides 

are  produced  ;    in   pure  water,  prisms  of  small  size,  but  with 

sharply  defined  Hices  and  angles. 

,   Aecunling  to  Soiidiay  and  Lenssen,*  monoclinic  ("  CHno* 

mbic")  crystals  of  calcic  oxalate  containing  two  equivalents 

i  pi-oduccd  upon  quick  precipitation,  while  by  very 

r  action  riglit  octahedra  nith  six  equivalents  of  water  are 

si. 

tew  works  of  reference  are  the  following :  — 
«i.     PrinpipIoB  of  the  AnoWmy  unci  Fliysiolofty  of  the  Vegetable  Cell, 
Kkhlnl  hj  Henrrey  ( LondoD,  19G2).     An  octavo  of  15S  pages.     This  U  na 
It  traoslation  oCa  claiisiail  work. 

xciBTcn.     Die  Lebre  tod  der  FSanzenzelle(Lei|i;:i|;,  1867).    An  nctnra 
'7  liaf;t>a.     The  volume  treati  verj  fully  of  the  pliyeical  properties  of  pro- 

fXaKUlATSn.     Phyaiologische  Chemie  'ler  Pflanzen  (Berlin,  1882).     This  ia 
iQ  expeuuTG  work  which  deals  vjth  ihe  Tclutions  of  piuiti 
U  and  climate. 

t  uDd  IIlLOER.     Die  Pllanzenstone  (Berlin,  18S2),     Two  larga 
ana.     It  ha*  verr  exteniive  rRfcrciices  to  the  litemture  of  the  lobject,  and 
La  abatracta  are  eicellent 


:   Natnrlcnndig  TIjdschrifC 

d  fmn  HuliDtT. 

Inra,  18S4.  ^  283.     Tliia  ■ 

<e  of  [•laut-cryitaU  up  to  lSfl2. 

*  Ann.  dea  8c  nat.,  s^r.  5,  tome  xix.,  1 

■'  Annalen  der  Chemie  and  Phonnaule, 


Ni^drlandaeh- India,    13u3,  p.  Hi, 
ntsins  a  good  abstract  of  tbs 


CHAPTER  II. 

CELLS    IN   THEIR    MODIFICATIONS    AND    KINDS,    AND    THE 

TISSUES  THEY  COMPOSE. 

190.  WiflLB  crjptogamous  plants  of  the  lower  grade  may 
consist  of  single  cells,  or  of  a  series  or  stratum  of  simple  and 
undifferentiated  cells,  phoenogamous  plants,  although  equally 
simple  and  homogeneous  at  the  initiation  of  each  individual, 
develop  into  a  more  complex  organization,  at  an  earl}*  period 
differentiate  some  of  their  cells  into  peculiar  kinds,  multiply  the 
kinds  into  tissues  or  fabric,  and  of  these  builcL  up  the  organs 
and  parts  which  are  familiar  in  ordinary  vegetation. 

191.  The  microscropical  study  of  the  parts  even  of  a  single 
herb  or  tree,  and  much  more  that  of  a  variety  of  plants,  reveals 
numerous  forms  or  kinds  of  cells,  and  also  (as  might  be  expected 
from  their  common  origin)  brings  to  view  series  of  gradations 
between  the  kinds,  sometimes  even  between  those  which  are, 
upon  the  whole,  widely  differentiated  from  each  other.  While, 
therefore,  a  general  classification  of  the  cells  of  any  ordinary 
plant  into  kinds  is  easy,  an}'  classification  which  shall  satis- 
factorily exhibit  our  present  knowledge  of  the  histological  ele- 
ments, and  discriminate  their  varieties,  is  very  diflScult,  if  not 
at  this  time  practicall}*  impossible.  At  least,  it  must  be  said  that 
the  most  recent  classifications  are  based  upon  considerations 
of  a  character  too  recondite  and  special  to  be  mastered  at  the 
beginning  by  an  ordinarj-  student. 

192.  The  most  general  and  obvious  division  of  the  histological 
components  of  a  stem,  root,  or  leaf  would  be  into,  (1)  funda- 
mental or  typical  cells,  and  (2)  transformed  cells.  The  fii'st  are 
those  in  which  the  normal  cellular  character  persists  without  pro- 
found, if  any,  alteration  or  disguise  ;  as  in  the  pulp  of  leaves,  the 
pith  of  stems,  and  in  a  ix)rtion  of  the  bark.  The  second  are  those 
which  assume  or  affect  lengthened  or  fibrous  forms  and  a  longi- 
tudinal development  (at  least  in  all  axes,  and  commonly  in  leaves 
and  other  expanded  organs),  and,  combined  into  threads,  fasci- 
cles, bundles,  or  more  massive  structures,  constitute  the  frame- 
work, which  impaits  solidity  and  strength  throughout.     Some 
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Ef  tlicse  cells  are  so  long  in  proportion  to  their  breadth,  and  of 
BBch  diminished  (.■alibre,  tLat  tliej'  liave  naturally  been  called 
fibres,  nllliotigb  all  gradations  between  them  and  tj-pical  cells 
may  be  demonstrated.  Alt  these  eells  are  inteivhaiigeubly 
adied  woody-  fibres  or  wood-eells,  and  one  kind  of  them  takes 
Ibc  name  of  bast^cclls. 

193.  Others  are  of  lai^r  calibre,  arc  peculiarly  marked  by 
tliiokcnings  on  certain  Unea  or  in  certain  patterns,  inchne  to  be 
developed  end  lo  end  in  a  chain  or  i-ow,  and  to  become  confluent 
at  the  junctions,  so  as  to  form  conduits  of  consiilerable  length  ; 
these  ore  called  vessels,  or  ducts.  Vesaels  and  iihrea  are 
associatitl  in  the  plant ;  almost  every  separate  thread  of  frame- 
work oODsists  of  Iwth,  and  so  is  called  a  iibro- vascular  bundle  or 
fascicle.  Moreover,  the  known  gradations  between  the  two  are 
anrli  oa  to  render  a  complete  distinction  between  them  nearly  im- 
practicable ;  so  tbat  they  form  tlie  fibro- vascular,  or,  when  a 
single  word  is  nsefl,  the  vascular  system.  To  this  system,  also, 
pertain  specially  differentiated  cells,  such  as  crib  rose- cells,  in  the 
bark,  etc. 

I'M.  All  these  are  developed  in  or  among  the  fundamental 
or  untransformcd  cells,  and  originate  from  the  diJferentiation  of 
BODic  of  tbem. 

193.  The  fundamental  or  typical  cells  may  therefore  be  said 
to  constitute  the  ftindamental  system ;  which  may  also  be  con- 
veniciilly  called  the  cellular  system,  in  contradistinction  to  the 
vascular. 

196.  In  an  ordinary  leaf  it  forms  all  but  the  framework  of 
ribs  and  veins :  in  the  stem  of  a  dicotyledon,  the  outer  bark,  the 
pith,  and  the  rays  which  traverse  the  wood ;  in  that  of  a  raono- 
cotylrdon,  which  generally  has  a  looser  texture  than  the  last,  it 
b  the  common  mass  through  which  the  definite  bundles  of  the 
%'a3cular  system  are  distributed.      Of  the  fundamental  system, 

typical  or  unmodified  cells  are  such  as  the  chlorophyll- 
bearing  cells  of  leaves  and  of  the  green  bark  of  stems,  as  well  as 
with  Hncolored  contents  forming  the  pith,  etc.     Borrowing 
ird  from  the  old  anatomists,  the  early  investigators  of  vcge- 
tte  structure  called  (issues  composed  of  such  cells  Parenc/iy- 
;,  jierhaps  taking  the  idea  of  the  name  from  leaves  in  which 
the  veins  arc  distributed  through  the  softer  parts  as  blood-vessels 
through  the  parenchyma  of  the  glands. 

197.  Parenchyma,  therefore,  is  the  name  of  cellular  tissue 
coatradtstinction  to   fibro-vascular  tissue.     In  its  primarj' 

only  comparatively  soft  and  tbin-walled  cellular  tissue 
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took  this  name,  and  this  is  indeed  typical  parench3'ma ;  bat  the 
name  rightly  includes,  as  species  or  varieties,  thiclcer-walled  and 
even  solidified  tissues  composed  of  cells  similar  in  other  respects 
to  the  type,  as  those  in  the  hard  endos|>erm  of  seeds. 

198.  A  counterpart  name,  Proae^ichyma^  was  emploj-ed  to 
designate  tissues  foimcd  of  elongated  cells,  such  especiallj*  as 
wood-cells  and  bast-c*ells.  These  being  usually  thick-walled, 
and  those  of  t3'pical  parenchyma  thin-walled,  this  character  was 
brought  into  the  definition ;  that  is,  cells  of  prosench3'ma  were 
said  to  be  thick-walled  as  well  as  long  and  narrow,  those  of 
parcnchj'ma  thin-walled  as  well  as  isodiametric.  But  this  dis- 
tinction does  not  hold  out  well.  All  fibro-vascular  tissues  are 
thiu-walled  at  first,  and  some  remain  so ;  while  iK)rtions  of  pure 
parenchyma  ma^'  become  thick-walled,  firm  and  hard,  or  take  on 
every  intermediate  condition.  So  that  prosenchjma  may  be  best 
held  to  denote  tissue  of  the  fibro-vascular  s^'stem,  and  tj'pically 
that  formed  of  wood-cells.* 

199.  An  explanation  of  the  mode  of  production,  multiplica- 
tion, and  transformation  of  cells  is  deferred  to  a  later  stage. 
Suffice  it  here  to  advert  to  the  fact  that  every  phaenogamous 
plant,  ori<;inating  in  the  seed,  begins  as  an  isolated  cell,  which 
develops  into  a  globular  cluster  of  parenchyma  cells,  and  grows 
into  the  embrjo  or  rudimentary  plautlet,  taking  on  the  shape  and 
degi'ee  of  development  characteristic  of  its  kind.  In  embryos 
which  are  considerabl}*  developed  in  the  seed,  the  axis  and  be- 
ginnings of  the  leaves  are  already  outlined  or  rudimentarilj 
indicated  there ;  in  others  the  indication  takes  place  in  the  early 
stages  of  germination. 

200.  From  this  if  not  from  an  earlier  period  development 
is  no  longer  homogeneous.  A  superficial  layer  of  the  common 
parenchyma  becomes  distinguishable  as  the  epidermis ;  while  in 
an  inner  zone,  or  at  special  points,  certain  cells  develop  into  ducts 
and  wood-cells  (prosenchyma),  and  thus  are  initiall}'  delineated 
the  outlines  of  the  systems  or  regions  which  are  to  characterize 
the  whole  growth;  namely,  —  taking  a  dicot3ledonous  embryo 
for  the  type,  —  an  epidermal  la3*er,  a  cortical  la3'er,  a  fibro-vascu- 
lar zone,  and  a  medullar3'  portion.  As  stem  and  root  develop, 
these  pnmordial  tissues  complete  themselves  and  have  only  to 
go  on  growing,  each  after  its  kind ;  but  at  the  developing  points 
(a[)ex  of  the  stem  and  of  the  root),  as  also  in  special  portions  or 

1  "  Zu  dem  Prosench3rm  im  weitem  Siune  konnen  vru  aach  die  Gefasse 
ziililen  "  (Nageli :  Beitiii^  L  p.  2). 
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E(>Q«s,  initial  difTerentialioD  continues.  Here  the  nascent  tissue, 
oonsUUiig  or  [lai'cucbj'iua  cells,  multiplying  by  suiCL'ssivu  (Uvi- 
sioua,  nnct  also  the  nascent  proacncbynm  aa  it  furnis  and  nhile 
BlIU  cai>able  of  furllier  division,  lias  been  named  JUcriaton. 

201.  91i-risteiu,  tliercrore,  is  not  a  kind  of  tissue,  but  the 
nascent  stat«  or  early  eondition  of  any  lissiic.  It  is  dcvuluping 
|Mtvuvliynia,  either  multiplying  us  auuh,  or  ditTerenLiatiiig  into 
clongatnl  Torms,  aa  for  instAnce.  in  cambium. 

Li>a^ing  tlie  proteases  of  ccll-dc^elopmeut  to  bo  considered 
iinilL-rUie  head  of  "Grunili,"  and  the  dis]H»9ition  of  cells  and 
tissitrs  in  tbc  fabrie  to  l>e  descriixHl  niidcr  the  seveial  organs 
(root,  stem,  leaf,  etc.)  which  lliey  compose,  the  kinds  ul'  cells 
an  here  to  be  inilicatcd,  without  partieidar  reference  to  tlieir 
arntngoment  in  the  plant.  In  all  classilicntions  of  objticts  which 
•K  understood  to  have  been  developed  from  one  tji>e,  interme- 
diate forms  of  almost  every  gimlatiim  are  to  Vie  exiiected.  It  is 
spec-iatly  so  with  piaiit-cells  :  and  of  them  it  should  be  said,  once 
for  all,  that  the  kinds  which  have  received  distinct  names,  with 
or  without  sutllcicnt  reason,  are  only  types,  or  leading  modiHca- 
lions. — some  of  a  very  marked,  some  of  a  quite  suboi'dinate 
cbamrtrr.' 

2<ttt.  Plant-cells  are  to  be  descrilwd  in  this  chapter  under  the 
foilowiitg  classin cation :  — 

,  Cells  of  the  fbndamcntal  system,  or  parenchyma  cells,  — 
permanent  typical  cells. 
1.    Parenchyma  colls,  strictly  so  called,  inelnding  as  modi- 
fications collenehyina  cells  and  scleratlc  pareneliyrnn 
cells,  or  grit-cells,  such  os  the  lignifiod  cells  of  secd- 
COatB  and  drupes,  etc. 
S.  Epidcnnal   cells,  and   their  modiflcationa ;  e.  g.,  Tri- 
c  homes. 
,   Cork-cells,  forming  suberoua  parenchyma,  or  cork. 
y  Cells  ami  mo<1iflcd  cclb  of  the  flhro-vascular  system,  —  prns- 
enehyma  in  the  widest  sense. 
Cells  of  prosonchjTna  proper. 

a.  Typical  wood-cells  and  woody  fibres.  Including;  libri- 
form  cells  (.Sanio),  and  the  Becondai-3-  wood-cells 
(De  Bari ). 
h.  Vasifoim  woo<l-cclls.  or  Trnchcids. 


>  9nm-litnrs 

Wn  "n  n■go^l•  i 
cell-wJI  or  tell- 


rel)  in  ■  unirorm  tissue  mny  ilprrlop  aniike  iU 

;orf  of  the  following  I'lioradtprs  ;  form,  sire,  im 

Socb  cells  ore  termed  by  Sactu,  iitiobUsU. 
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2.  Vessels,  or  ducts. 

a.  Dotted. 

b.  Spirall}'  marked. 

c.  Annular. 

d.  Reticulated. 

e.  Trabecular. 

3.  Bast-cells,  Bast-fibres,  or  Liber-fibres. 

III.  Sieve-cells,  or  Cribrose-cells. 

IV.  Latex-cells. 

Intercellular  spaces  and  canals  are  neither  cells  nor  tissues, 
but  they  require  consideration  in  connection  with  them. 

Z.  Cells  of  the  Fundamental  Syvtem, — Parenchyma  in  the  w^ideat 
sense,  including  Modifications  for  Protective  Surfaces. 

PARENCIITMA. 

203.   This  term  is  applied  at  present  to  all  tj-pical  cellular 
tissue  except  that  which  belongs  to  the  epidermal  S3'stem.     It 

therefoi'e  i^onstitutes 
the  mass  which  sur- 
rounds fibro-vascu- 
lar  bundles,  forming 
pith,  medullary  ra3*8, 
the  pulp  of  leaves 
and  fruits,  etc  It 
occurs  in  nearlv  all 
parts  of  all  plants. 

The  elements  of 
parenchyma  are  sim- 
ple cells  more  or  less 
separable  from  each 
other,  in  some  cases 
b}'  sliglit  pressure, 
and  in  others  by  the 
cautious  use  of  a 
macerating  solution. 
The  cells  vary  greatly  in  form,  but  usually  are  polyhedral  or 
sphci-oidal.  Extended  classifications  of  the  cells  themselves, 
based  upon  form,  have  been  made,  but  they  are  of  no  utility 
and  of  small  historical  interest.  Yet  three  principal  shapes  may 
well  be  distinguished ;  namely,  short  or  isodiametric,  elongated, 
and  flattened. 


Fjo.  37.  Parenchyma  from  stem  of  Manrnblum.    »|*.    (Jacol*.) 


PAItENCHTMA. 

2iH.    In  the  joimgest  state  of  organs  short  parenchyma  cells 

fonn  the  whole  mass ;  heie  they  are  relatively  small,  lillcil  with 

protoplasm,   and    have 

no  tnt«njetlular  spaces. 

Lat«r  they  are  changed 

in  shs[>e  and  size,  may 

haro    conspicuous    in- 
tercellular spaces,  and 

tbe  protoplasm  may  be 

repEavrd,   at   least    in 

part,  by  other  matters. 
205.  If  the  cells  are 

lovscly  a^n-gated  and 

have    conspicuous   in- 

lercellnlar  spaces,  tbe 

tissae  is  called  tponijy 

partttcht/ma.  The  cells 

Id  such  cases  are  apt 

to    be   more    or   leaa 

bnuidied,  and  in  some  plants  assume  regular  stcllotc  forms. 
806.    Elongated  parencliynia  celts  ai-o  generally 

pacUy  combined  than  the  short  ones.  They  are  well  seen  in  llie 
upper  pait  of  most  leaves,  where 
they  have  reeeiYcil  the  aigniflcaut 
name  palUade-cfUa. 

'207.  Flattened  parenchyma 
cells  are  thcoommon  form  in  the 
vertical  plates  (medullary  rays) 
which  nidiate  IVom  tbe  pith  to 
the  bark  in  woody  plants. 

208.  The  walls'of  typical  pa- 
renchyma cells  are  thin,  and  miiy 
be  variously  marked  with  pits, 
eapociaily  at  the  points  of  con- 
tact with  other  cells.  Thicken- 
ing threads  forming  reticulations 
and  Bjiirals  are  not  uncommon ; 
tlie  latter  occur  in  the  aerial 
roots  of  OrchidaceiE.  A  ernm- 
gor  folding-in  of  the  wall  is  seen  in  some  of  tbe  cells  of  pine 
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209.  lliiD-walled  parenchj-ma  celts  play  an  important  part  in 
assiiuilating  and  storing,  and  special  names  are  giwD  to  cells 
wbic-L  bavc  these  offices,  such  as  chlorophyll  parenchyma,  stardi 
parenchyma,  etc.  In  the  lissoes  of  most  succiilents,  and  in  the 
leaves  of  a  few  plants,  some  of  the  parenchyma  cells  are  filled 
with  clear  sap  and  more  or  leas  mudlaginoaa  matter,  and  con- 
stitute the  so-called  water  tissue. 

2L0.  The  walls  of  typical  parenchyma  cells  consist  of  ordinary 


orlliilosc  ;  hut  even  slight  deviations  from  the  type  furnish  good 
ilhist  rations  of  lignified  and  of  cutiiiized  membranes. 

211.  Lignification  may  increase  tlie  thickness  of  the  eell-wall, 
greatly  reducing  the  cell-cavity,  or  it  may  merely  harden  the 
membrane  without  much  thiekening.  The  parenchyma  cells 
found  ansociated  with  other  elements  in  woody  tissues  have 
walls  of  the  latter  character ;  the  grit-cells  in  pears  and  many 
olher  fruits  show  goo<l  examples  of  the  former.  Such  hardened 
cells  arc  called  sclerotic  parenchyma  cells. 


Fia.  to.  Sclcrotle  paraiiohipn*  c« 


■  tram  fruit  of  (bs  pear.    |W«iM.J 
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1  many  cases  it  can  be  shown 
t)n«lkcn<nl  walls,  as  shown  in 
Fig.  41.' 

212.  Certain  motlifiod  pa- 
renchyma ccllsareoften  united 
to  form  slicatlis  around  Sbro- 
vasc'iilar  bundles.  These  cella 
arc  jirismalic.  and  in  close 
a|>iiosiiton.  Their  walls  are 
Ihin,  cxL-eiit  at  tlieir  lut/cs  of 
niutnni  contact,  where  they  are 
conftjiicuously  tliii;keneil,  and 
oftvt)  [ilieate,  and  nearly'  alt 
ports  of  the  membrane  are 
Bmra  or  less  cutiuized. 


that  canals  nm  Ibroiigb  these 


213.   Thcsn  cells  < 
Btitutc  tlie  endoden 
They  generally  contain  a 
large  amount  of  starch. 

214.  Parenchyma  cells 
may  nndcrgo  the  mu- 
cilaginous modirication 
(see  147),  as  in  the  con- 
ductive tissue  of  the 
style  of  manj'  flowers 
and  the  albumen  of  many 
seeds.  This  change  is 
common  alsoin  the  lower 
plants. 

213.  An  appearance 
closely  resembling  in 
some  [K>int9  lliat  pro- 
duced by  the  mucilagi- 
nous modilication  is  pre- 


>  A  Beronil  kind  of  Hcli?'rDti«  imronchyma  Bomctime!!  atcoinpnniu  llip  Innger 
•clerolio  celU  iu  &  iew  fpnia  and  some  iiionacntylixtona.  Iti  cells  nppear  as  if 
■cgiiicDla  of  B  joiuted  fibrp,  somewhat  flattened,  on  the  side  next  the  long  cells, 
and  decidedl;  conrex  OD  the  other.  Snch  (Uttened  cells  sre  aniH|iially  thiek- 
ensl  DO  the  two  sidce,  and  the  walla  am  santeohat  ailiciHi^d.  But  the  most 
Krikiiig  festare  in  niao;  eases  is  the  deposition  within  t!ie  cavity  ot  the  cell 
of  a  luea  of  siUric  acid  ;  this  is  well  te«n  in  the  hard  cells  wliich  iDOOiuiwny 
the  fibro-vaacalar  thrrwls  in  the  lesTes  of  some  palms. 

Pin  41.    Asclerotleocll  rrom  tbanntshellorjDErsnsrsfln.    (Rplnki>.) 
fia.  tL    SecUua  Uiroii|li  the  eential  cyiliuler  ot  ■  blnarr  rwl  or  a  vaKUlar  crjpto- 
^■(Ofatbesn«JiiUarU),    p, r,  r  —  ndoiivrmit.    O'an  Tlcibein.) 


^^^M  ((^atbeii 
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vihy  tbe  parcncM-nia  cells  just  under  tbc  epidermis,  i 
inter  layers  of  cells,  in  iiiuDy  pl.-iuls.     Tliu  cell-n-ull  is  tLit.keDecl  ' 


tery  consideraltly  at  the  angles,  and  upon  the  apiilication  of 
Ululc  acids  bwuIIs  greatly,  but  without  bccotning  cleoily  muei- 
lagiuous.  When  moist, 
auL-h  cells  have  a  bluish- 
white  color  and  a  marked 
lustre.  They  arc  kuown 
aa 

21 G.  CollenrlijinB  cells. 
They  aie  generally  b 
what   elongated,  and   so 
united  as  to  Ibrm  threads, 
which    poss 

strength,  and  are  believed^ 
to  serve  an  itn|K>rtaut  me- 
chanical oOicc  in  the  plant. 
Good  examples  of  these 
are  afforded  hy  the  stems  | 
of  many  L'mbeliifcrffl. 


217.   This  is  the  outermost  layer  of  cells  covering  the  suivl 
kce  of  the  plant.     In  some  of  the  higher  plants  it  persists  wilti^ 
■little  change  throughout  the  life  of  the  organism  ;  in  others  it  ii 


b,  rmm  Uie  tUgm^  or  Uohk 

raniKfliw  Kcllon  of  rooI-Mork  of  SmllmMna  UfulU.  (lioiHnf  fallen 
ir  tint  fT'l'lxrmli,  c/i,    Kols  tbo  Ui«  artllnarr  pUBDclijmk  kt  ^,  uiil 
,ap.    (Vui  TUilIidlD.) 


SO  ^^1 
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sooner  or  later  thrown  off,  and  replaced  by  a  subjacent  protective 
tissue,  —  cork. 

218.  Except  at  peculiar  openings  (stomata,  etc.),  the  epider* 
mal  cells  are  in  close  apposition.  Upon  their  exposed  siirface 
they  are  culinizcd,  and  thua  a  continuoua  hyaline  film  ia  formed, 
known  as  the  Cuticle.^ 

219.  Sometimes  the  epidermis  may  be  torn  off  without  much 
disturbing  the  underlying  tissues. 

'I'iO.  Besides  the  ccIIh  which  compose  the  proper  tissue  of  the 
epidermis,  tliere  are  certain  ap- 
pendages or  acccsaorj-  structures, 
mainly  hairs  or  analogous  pro- 
ductions (together  called  tii- 
chome8),and  peculiar  cells  which 
constitute  the  stomata. 

221.  Epidermal  cells  proper  are 
in  uninterrupted  ivntact.  They 
are  uanally  of  a  tabular  or  pris- 
matic form.  The  lines  which 
mark  Uieir  outlines  as  viewed 
troxa      above      are      sometimes 

straight,  but  oftener  sinuous,  at  least  on  the  longer  sides  of  the 
cell,  which  here  as  elsewhere  correspond  with  the  direction  of 
growth.  Near  stomata  and  trichomes  the  cells  frequently  assume 
very  irregular  forms, 

222.  Their  upper  or  free  surface  is  generally  slightly  convex, 
and  often  has  minute  outgrowths,  for  instance,  in  velvety  jjetals ; 
when  these  are  larger  and  longer,  they  constitute  the  simplest 
rorm  of  plant  hairs. 

223.  Delicate  epidermis  possesses  thin  walls ;  but  in  a  large 
number  of  tleshy  and  tough  plants  tlic  walls  have  considerable 
thickening,  yet  not  always  on  the  same  part.  Thus  in  the  leaves 
of  Cycads  the  upper  wall  is  the  thicker ;  in  many  Bromeliaeeie, 
the  lower  and  side  walls.  In  a  few  eases  the  cell-cavity  is  nearly 
filled  by  the  thickening  material.  Stratification,  striation,  and 
pitting  of  the  cell-wall  may  also  occur,  great  diversity  existing 
ia  all  these  respects. 

221.  When  the  epidermis  is  very  delicate,  the  demonstration 
of  the  Ihiu  lilm  of  cuticle  requires  gi-eat  care  in  the  employment 


term  culkte  vaa  D[>[i1it>d  to  llie  idjera  of  gpiilemuil 
0  the  cutinUcd  film  (Phyaiulogie,  1332.  p.  109). 
Flo.  4S,   Stoma  orSsmbuciu  nlfrs  ittrroanilBd  by  apUnnala. 
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of  the  reagontB.  Accoitling  to  de  Barj-,>  the  caticle  merely 
oovers  the  pure  Bort  cellulose  membrane  of  the  epidermal  cells 
when  these  are  Uiin-walled ;  but  when  the  walls  are  thicker, 
especially  in  epirtermis  which  is  long-lived,  that  part  of  the  cell- 
wall  which  borders  on  the  cuticle  becomes  iDfiltrated  with  cutin, 
and  thus  there  arise  one  or  mora  layers  of  modified  cellulose, 
each  of  which  exhibits  Ibe  reac- 
tbns  of  cutin.  When  such  cells  are 
trealotl  with  warm  potossic  hydrate 
(a  ten  per  cent  solution  is,  on  the 
wliole,  strong  enough),  the  cutin  is 
slowly  removed,  and  the  ccUuloN  J 
wall  remains,  although  with  coo- J 
siderable  loss  of  substance.  Walls 
which  are  thus  imjiregnatcd  with 
cutin  in  strata  form  cutictilarized 
laytrt}  The  management  of  a 
warm  solution  of  potassic  hydrate, 
in  order  to  obtain  anlisfactory  r»-  j 
suits  in  the  demonstration  of  the  I 
fine  stratification,  demands  much 
care.  It  is  advisable  to  applj"  very 
gradual  increments  of  heat  to  the 
glass  slide  in  the  cose  of  the  more 
delicate  specimens. 

235.  Waxy  and  resinous  matters  j 

"  are  frequently  associated  with  th«  I 

cuticle.    In  some  cases  the  amount  j 

of  snch  substances  is  large,  and  assumes  commercial  impoitanoe. 

The  young  leaves  of  the  was  palm  (Ceroxylon  andicola)  are  said   ' 

*  Verglpjchende  Anatomio,  p.  60. 

■  This  diriaion  into  apparent  Um^tlm  cid  lie  euilj  denionstrsted  in  (oma 
cans  by  the  ipplicatiou  of  chlatniodidH  of  zinc,  which  imparts  a  jvUowish 
color  to  the  thick  lilm,  except  at  it>  ontrr  Burface.  Mohl  eipUined  the  stnio> 
tore  of  the  oxposnl  cell-wall  in  Viscum  allnim,  where  the  film  i«  very  thick, 
u  followi;  "The  epid^rmii  cells  coniial  here  of  two  or  three  genentioo* 
enclomd  one  nithin  anolhPT,  of  which  all  tht  thickened  wbIU  on  the  outer 
ride  have  Iwicome  blended  t(W"ther  into  a  membrane  conipoaing  the  cuticle. 
These  layers  are  to  lie  calle^l  the  cntlciilar  layers  o(  the  epidermis,  to  dia- 
tinRuiah  them  from  the  msM  secreted  on  the  ontside  of  tbe  cells,  the  tnw 

Fio  -H.  TrsiuTerKseotlon  of  Iheleaf  otAloe  Teimocm:  a,  uctioo  Id  wmur, — tbs 
>«■-«□  rlcii  Ian  led  pari*  rA  t)»  ineinhnMB  shaded;  abore  lime  are  tlw  cotlOBlaT 
UTBrtoiTernl  hy  tlieriillcls  prn|«r;  A.  lactlon  hosted  In  polanlc  hyilrsM)  IliscnUcla 
|t»peTb»t«n  ralsHl  from  tlw  ciitlcalarlied  layen;  e.  aHtlnn  bnUol  In  polaiilc  Ilf* 
dnie:  enllcis  proper  remi><r«dl,ttilderinBlaeUs*eparM*d,CDUcu1arlarendLs[lngnlibad 
tiy  Hiier  itratlAcation. 
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to  jield  twent3*-live  pounds  of  wax  to  cacU  tree.     Bajberry  wax 
is  a  more  familiar  example. 

226.  To  such  waxy  eoatioga  is  due  the  glaucous  appearance 
of  the  leavea  and  fruita  of  many  plants.  The  coatings  are  cbiefly 
of  tlie  following  kinds  (dc  Bary')  :  — 

1.  Coherent  layere  or  incrustations  upon  the  epidermis.  2. 
Crowded  vertical  rods  of  considerable  length,  as,  for  instance, 
those  on  the  intemodes  of  Saccharum  ofHdnarum,  from  ten  to 
firtwn  hundredths  of  a  millimeter  in  height.  3.  Very  short 
rods  or  rounded  grains.  These,  on  the  leaves  of  Tropfeolum, 
are  not  very  near  together,  but  on  those  of  the  cabbage,  tulip, 
etc.,  are  more  crowded.  4.  When  the  grains  are  more  minute, 
and  have  the  shape  of  needles  irregularly  massed  together,  they 
constitute  tlie  peculiar  bloom  of  the  leaves  of  Euealyptus, 
Bicinus,  etc. 

227.  Between  the  above  kinds  there  are  many  intfirmediato 
ones,  Agave  Americana,  for  instance,  Airnishing  forma  between 
tlie  two  last  named. 

228.  Epidermal  cells  proper  have  a  delicate  lining  of  proto- 
plasm and  a  distinct  nucleus.  The  e«ll-sap  is  generally  colorless 
ftod  transparent,  allowing  light  to  pass  with  very  little  obstruc* 
tion  to  the  layers  beneath  the  epidermis ;  but  in  some  cases 
it  is  BO  colored  as  to  impart  a  conspicuous  hue  to  the  plant. 
Id  many  irater-plauts  there  is  no  well-marked  distinction  be- 
tween epidermis  and  the  subjacent  tissue,  even  the  cells  of 
the  upper  laj'er  containing  chlorophyll,  but  epidermal  cells  are 
mostly  free  from  either  chlorophyll  or  starch,  Brongniart  has 
shown  that  some  amphibious  plants  have  chlorophyll  in  the 
epidermal  cells  of  the  acjuatic  but  not  of  the  terrestrial  form. 
That  the  rule  is  not  universal  is  shown  by  Caliitriche,  which, 
■i-cording  to  Ucgelmaier,  has  epidermis  without  chlorophyll  ia 
both  forms, 

229.  Eiiidemiis  usually  consists  of  only  one  stratum  of  cells, 
bat  it  may  be   made  up  of  two,  three,  or  even  mort 
Division  of  the  original  epidermal  cells  by  one  or  more  partitions 
pamllcl  to  the  surface  of  the  leaf  gives  rise  to  superposed  cells  ; 
and  thus  multiple  epidermis  results,  as  in  the  upper  surface  of 

(?alicl«,  wbich  is  Boluble  in  cnustic  potash,  and  in  mmt  caaea  forms  but  a  v<!tT 
thin  coaling  over  the  ppidermal  pella"  (Vi^.  CpII.  Henfrpy'a  Irnna.,  p.  35). 
Good  riampleB  for  ituJy  of  the  difrpront  kinds  of  culii'ulir  infillra 
•Ubnlnt  by  the  following,  —  Iiaviaof  Dianthuscnryophyllus,  GaUnthus  nivali*, 
Ikx,  f^nuB.  Hoya,  SossafraK,  tad  Taxus,  and  twigs  of  VisGOin  and  of  Oleander. 
>  BotKuixbe  ZeituDg,  1871. 
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the  leaves  of  many  species  of  Peperomia,  Ficus,  and  Begonia. 
Multiple  (.-piilermis  is  wot  always  of  eveu  tliiekiiess  throughout ; 
sometimes  a  portion  may  be  only  one  or  two  cells  thick,  while 
adjacent  portions  are  composed  of  maoy  layers.  Such  differ- 
ences are  generally  associated  with  the  occurrence  of  etomata, 
hairs,  etc.  The  subjacent  cells  in  some  forms  of  multiple  epi- 
dermis are  smaller  than  those  above  them,  and  in  tliese  cases 
the  arrangement  of  the  cells  in  the  successive  layers  presents 
striking  inequalities. 

_  230.    Triebomes.      Unikr 

this  term  are  included  the 
mullifarious  forms  of  hairs. 
BCalcs,  bristles,  and  prickles. 
Haim  are  sometimes  of 
diverse  fonns  on  tlie  same 
plant,  and  e\en  on  ihe  same 
part,  but  sometimes  so  pecu- 
liar and  uniform  throughout 
large  genera,  or  even  orders, 
that  they  aid  in  their  iden- 
tification ;  as,  for  instance, 
in  Slalpighiaceee,  Loosaeeee, 
and  Elffiagnaceie. 

231.  Simple  hairs,  whether 
liranchcd  or  unbranched,  are 
formed  by  the  prolongation 
of  a  single  epidermal  ci'll, 
either  slight,  forming  a 
mere  papilla,  or  to  a  great 
length,  as  in  the  so-called 
fibres  of  cotton.  Simple 
hairs  are  abundant  upon  the 
rootlets  of  most  plants  at  a 
little  distance  behind  the  ad- 
vancing tip,  where  they  play  an  im|>ortant  part. 

232.   Compound  hairs  are  of  all  degrees  of  cobi_ 
plesity.     They  may  start  from  a  single  cell,  or  IVoin" 
a  group  of  cells,  and  may  have  the  derivative  cella 
arranged  in  many  ways.    The  cells  at  or  near  the 

fto.«o.  Upperportlooof  «  jlnnctnUrhalrttf  M»rtyul»probo»olilffli.   '1*    (MarUnet.l 
FiQ.4Tft.  ViBw  from  ftbnvB,  of  the  npiwr  portion  nfthexme.    »)'.    (Mnr'tnel ) 
F[0.  4S.  CynnKlmiinin  nllldniile.    I,ong!tnrllii«1  HJrll'"'  ii."in"ti    •  i.niino  anmla' 
briittoatUubegitiTilniorUieUikkciilni.    H' 
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•t  of  the  hair  mo_v  differ  somewhat  in  shape,  size,  and  arrange 
tnciit  from  the  other  epidermal  cells.     Tbey  may  form 
■K-nue  upon  nbicli  the  foot  rests,  or  they  may  be  somewl 
Minken  so  that  the  body  of  the  hair 
\y  reaches  the  general  surface  of 
epidermis;  bot  usually  the  hair 
jjccts  for  a  coDsiderable  distance 
I'c  the  border  of  the  depression. 
Both  simple  and  eomjjound  hairs 
variously     curved      and 
branched,  giving  rise  to  stellate  and 
many  other  forms. 

833.   Scales  are  trichomes  which 
are  mostly  compound,  and  consist 
of  discs  borne  by  their  edges  or  cen- 
Ucs.  either  with  or  without  a  short 
foot  or  stalk.     If  the  disc  is  com- 
posed of  radiating  cells,  Uie  scale 
lieeoioes  stellate,  a  form  wliiuli  re- 
sembles or  passes  into  the  stellate 
and    tufVd    haurs  common  in  Mal- 
c.      Well-marketi    stellate 
ilc9  are  met  with  in  Oleaccic  and 
■agnaceiE> 
£34.    JirUtleit.  jn-ickles  and  epidermal  spines  are  firmer  or 
idtcr  outgrowths.    When  such  outgrowths  are  truly  opidennal, 
■y  come  off  with  the  epidermis. 

Elaira,  scales,  and  prickles  differ  verr  gieally  as  to  their  pei^ 
lOme  being  exceedingly  short-lived,  as,  for  instance, 
hairs  which  occur  on  roots ;  while  others,  for  instance  the 
:le3  on  the  rose,  last  for  long  periods, 

In  certain  outgrowths  from  tbe  edges  of  leaves  or  else- 
where the  structure  is  complicated  by  the  [jresence  of  a  portion 
of  the  underlying  framework.     This  is  notably  the  case  in  the 
"inge  npon  the  leaves  of  Droseraceje.     There  are  all  degrees  of 
iatiun  between  such  tricbomatous  outgrowths  and  spinuloea 
!th,  or  lobes. 

236.  The  consistence  of  the  cell-wall  in  trichomes  rariofl 
[ely,  from  extreme  tenuity  to  the  density  of  a  silieifled  walL 
10  more  delicate  hairs  are  transparent,  so  that  the  content* 


ualiu  (tbe  ba|>)l  i,  iMIIati 
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can  be  plenty  seen,  tluu  affording  opportmiitj  for  i 

tlie  movemeDta  of  protoplasm,  and  for  the  stodf  of  tlie  ellects 

of  ret^ents  npoo  the  contenU  of  celU. 

Young  hain  contain  mndi  protoplasmic  matter;  at  a  later 
stage  they  bare  a  large  proportion  of  cell-sap ;  still  later  many 
are  filled  cmly  with  air. 

237.  At  first  the  epidermis  is  alirays  completely  oonUnu- 
oos,  the  cells  being  in  close  contact  with  each  other;  but 
soon  tfaeie  appear,  especially  in  leSTes,  gnarded  openings 
through  which  the  interior  of  the  plant  is  brought  into  com- 
munication with  the  flDrrounding  atmosphere.  Tlieae  apertures 
are  of  two  principal  kinds,  the  most  important  and  widely  dis- 
tributed beiag 

These  are  combinations  of  epidermal  cells  ot 
a  peculiar  character,  between 
which  a  narrow  slit  extends 
directly  throngh  the  epidermis 
to  an  intercellular  space  be- 
low. The  cells  bordering  the 
slit  are  well  termed  guardian 
ceDs,  on  accoant  of  their 
opening  and  closing  under 
certain  circumstances.  The 
neighboring  epidennal  cells 
arc  frequently  arranged  in  a 
definite  order;  and  the  po- 
sition of  the  stoma  has  in 
many  cases  a  plain  relation  to  the  underlying  framework. 

Stomnla  belong  especially  to  green  organs  exposed  to  the  air; 
but  they  have  been  detected  on  all  superficial  parts  of  the  plant, 
with  the  exception  of  roots.* 

239.  Viewed  from  above,  stomata  appear  generally  as  elliptical 
bodies  through  which  runs  a  narrow  slit  in  the  direction  of  the 
longer  diameter.  Each  guardian  cell  is  therefore  half  the  ellipse. 
The  cleft  vanes  in  width  according  to  certain  external  condi- 


1  Tb«  following  cttea  an  cited  b;  ie  Barf  {Vergl.  Anat.,  p.  49) :  On  rhizo- 

mata  and  tuben  (^nng  potatoes),  on  the  perianth,  th«  anthnr  (in  Lilium 
bulbifentin),  od  the  pistil,  on  the  ■eed.coat  (CannB).  Plaots  destitate  of  cbloto- 
phyll  may  alio  bo  destitate  of  gtoniBll,  as  in  MuDotropa  Ilypopitys  ;  or  b»T« 
them  only  on  the  pistil,  ai  in  Lathisa. 

m  ttOBi  aboTe.    (StnAnigM'.) 


I 
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tioas  hcreafler  to  be  described,  the  stoma  being  in  fact  a  deli- 
cately balanced  valve.  A  vertical  section  shows  that  the  outer 
part  of  tbe  opening  is  wider  than  the  narroir  passage  farther 
down,  and  that  the  spaco  below  this  widens  somewhut  towards 
tDt4!ruetliilar  cavity.' 


Tlu  bllowing  tablo,  compiled  from  figures  given  by  Vfeiin,  givca  thu  nuiti- 
bar  of  ttoniitn  on  tlie  upper  and  nnder  adea  of  the  leuves  of  varioMa  plants 
tea  lite  most  port  reulilj  procimbte  bj  students.    To  aliow  tho  wide  diifprencos 

e.  tbe  longer  and  shorter  diameters  have  beeli  added,  and,  ftoally,  the  frac- 

if  a  square  millimeter  covered  by  ■  siligU  stoma. 


» 


BraHla  olanou,  L.  . 
Bumu  lempervlraa*    . 
C^tliu  ndoHrti,  L 
BupborUa  Cjrpulidai,  L.  . 

iiunl*>lb  L  '. 

Lm  Boberliuian 

BoIUdUiiu  annniiK,  L.    .    .    . 
HfilruiCB  qnarclfolta,  Bartr. 
Oat  Caalns    .    .    . 
JuitliuB  oJiin,  1/ 
LnTuto  balUbniin,  I. 


KTD>iA«a  atba,  L.  .  ,  . 
Pfiitu  StruboB,  L.  .  .  , 
Plni»t]rlr»cri*,  L.      .    , 

PUlaporap)  ToUra',  Alt.' 
Papain*  dllauta.  A1C 
RRn*  anrenni,  Pnnh  .  , 
Bacale  cereala,  L.  .  .  . 
StquoU  gigantea  (joan^ 
Sllaie  InBata.  Sid  .  .  , 
BaUnaiB  Dulainara  .  . 
Sleltaria  uwlla,  Sid.    .    . 

RSI  '.    ' 
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The  ccIIb  thiu  sligbUy  sepsr»ted 
by  sabeeqaent  growth 
bring  sboot  chmngea 
tn  the  relations  of  tiie 
Defghboring  cells. 

Id  Sedum,  u  sbowa 
by  Strmsbnrger,  there 
are  preparatoiy  dirf- 
■lons  in  diiferent  di- 
rections, while  in 
Bome  monoootjledoDS 
there  are  simaltaneoiu 
divisions  in  conttgn- 
008  epidermal  cells. 

S4 1 .  Stomata  are 
not  present,  at  least 
in  a  pcrrcct  form,  in  any  sal 


240.  As  appears  from 
tbe  following  figures,  the 
first  Stage  in  the  devel- 
opment of  an  ordinary 
stoma  is  the  separxtioa 
of  a  part  of  an  epider- 
mal eell  by  means  of  a 
vertical  partition,  thus 
foiming  the  motber-ceU 
of  the  stoma.  This 
next  divides  by  a  verti- 
cal plane  which  soon 
exhibits  a  narrow  chink. 
at  their  common  wall  may 


Hctlon  of  atornm  of  H jadnthiu  odenUlli.    (Struburger.) 
rhrM  itAfH  In  the  dcTBlopmsnt  of  tba  nonuta  of  Sedam  apDrliiiD. 
lUTOw  lUt  mad*  bj  tb*  Mlgtatiorfnc  apUcnual  oalli.  (Stnubargn.) 


fruHng  leaves  tbey  are  confined  to  the  nppor  surTai-e 

leaf.     Tlie  leaves  of  certain  plants, 

kDd  tbose  which  take  a  vertical  po- 

•aiuD.  have  UiPin  in  nearly  equal 

Dombera  on  the  tn-o  siilea;  but  in 

■oetcxses  the  number  on  the  under 

SXCeedB  that  on  the  up|>er  snrrace, 

M  will  be  seen  from  the  table  on 

fagc  71.     As  regards  the  approxi- 

watK  number  on  leaves  of  average 

rin  JQ  some  of  our  common  plants, 

the    ibUowing    figures    may    be    of 

iNlere»t:  — 


[>pnphcn  .... 
Brassi™  olencea 
IlcIi&QtlkUa  auDuUs  . 


.  7.65(1,000 
.  11.5Hl.0fl0 
.     13,000,000 


n  H2.   Walfr-pore^.   Directly  over  the  extremities  of  the  fibres 

1         of  the  framework  of  many  green  leaves  are  found  a|ierture3  in 


i  epidermis  which  have  no  true  guardian  cells,'  but  nhii-h 
lely  rBsemble  ordiiiarj'  stomala  iu  most  other  respects.   t)wiQg 


the  bordering  telU  do  not  close  under  eilrmd  in 
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to  the  fact  that  their  cavity  answering  to  the  intercellular  space 
of  a  stoma  is  often  filled  with  water  instead  of  air,  these  have 
been  called  water-pores.  At  certain  times  liquid  water  passes 
through  these  pores,  collecting  at  the  opening  and  sometimes 
leaving  there,  uix>n  evaporation,  slight  incrustations  of  calcic 
carbonate.  Water-pores  assume  different  forms  and  varj'  much 
in  size.  Good  examples  are  afforded  by  many  Aroideae,  by  the 
teeth  of  the  leaves  in  some  species  of  Fuchsia,  the  Icaf-margius 
in  Tropaeolum,  etc.^ 

Small  riUs  of  nearly  the  same  shape  can  be  found  in  certain 
grasses ;  but  in  these  the  aperture  comes  from  a  mechanical  inip- 
ture,^  and  the  underlying  structure  is  very  simple.' 

COBK. 

243.  This  protective  tissue  is  formed  beneath  and  replaces 
epidermis  in  the  older  superficial  parts  of  plants ;  it  also  con- 
stitutes the  films  by  which  wounds  are  healed.  Only  the  inner 
layers  of  cork-tissue  possess  cellular  activity,  those  which  lie 
outside  of  them  having  perished :  the  former  contain  protoplasm 
and  are  capable  of  cell-division;  the  latter  contain  air,  and 
occasionally  small  clusters  of  cr3'8tals.  The  inner,  active,  and 
growing  la3'ers  are  known  as  cork  meristem,  cork  cambium,  or 
PheUogen  ;  the  outer,  produced  from  this  and  no  longer  living, 
make  up  the  bulk  of  the  outer  bark,  and  are  ordinanly  called 
cork.  Although  the  older  cork-tissues  must  be  further  described 
in  Chapter  III.,  under  "Bark,"  their  elements  may  be  conven- 
iently treated  of  now  in  connection  with  the  cells  which  produce 
them. 

244.  Origin.  Cork  may  arise  from  several  different  sources, 
the  principal  of  which  are  the  following:  (1)  from  division  of 
cells  in  the  epidermis  (6.  ^.,  species  of  Pj'rus,  Salix,  Viburnum, 
etc.) ;  (2)  more  commonl}'  from  underlying  parenchyma,  in  a  few 
cases  even  from  that  which  occura  in  the  inner  bark  (the  bast 
parenchyma),  as  in  Vitis  and  Spiraea;  (3)  from  parenchyma  at 
injured  surfaces,  as  in  the  healing  of  wounds. 

245.  It  is  normally  produced  upon  the  stems  and  roots  of 
flowering  plants,  especitdly  dicotyledons.     Its  cells  are  generally 


^  For  a  full  account  of  water-pores,  see  de  Bary*8  Anatomie,  p.  54,  and 
Jalirb.  konigl.  botan.  Garten,  Berlin,  1883. 
8  De  Bary  :  Anatomic,  p.  67. 
*  Gardiner :  Proceedings  Camb.  PhU.  Soc.,  1883. 


fonncd  by  the  division  ot  the  mother-cell  into  two  tnbiilar  cells,  hy 
a  partitiou  i«rallel  to  the  siirrac-e  of  tlie  organ,  in  most  cases 
Uu  outer  cell  bt^wmea 
cork,  while  the  inner  re- 
tains its  power  of  division 
ftoit  ill  turn  produces  niw 
cells.  But  with  the  first 
appiearnuce  of  the  cork- 
laver  a  change  takes  place  ' 
in  ttll  layers  lying  to  the 
outside  of  it :  they  are  cut 
off  IVotn  nutrilive  supplies 
obU  soon  die.  The  con- 
tinuous Itiyers  of  cork  are 
called,  oollectively.  Peri- 
derm, a  name  restricted 
by  Mob]  to  tough  cork  in 
distinction  (Vom  soil  coik, 
bat  now  employed  with  a 
wider  significntion. 

246.  Cork  menstcm 
gives  rise  to  successit  c 
layers  of  cork-cells :  if  tlic 
new  layers  ditfer  muth 
ttom  the  preceding  in  the 

shape  and  size  of  their  cells,  an  appearance  of  strntiltcation 
naturnlly  results.  Cork  mi.n'Htcra  maj ,  ui  exceptional  lustiiices, 
produee  on  its  inner  side  permanent  parenchyma,  the  cells  of 
which  contain  chloro])lijll ;  these  green  layers  are  called  PAel- 
Uxlerm,  and  are  observed  well  in  the  beech,  willow,  etc.  (sue 
Chapter  III.). 

247.  Cork-cells  are  tabular,  or  sometimes  cubical,  and  with 
few  exceptions  have  no  iut«rcellu!ar  spaces.     In  the  case  of  very 

it  cells  which  eohci-e  more  firmly  laterally  than  in  the  line  of 
radius,  the  cork-tissue  may  be  readily  separated  in  films  or 


^^J»t  ce 
^^throug 


18.  The  walls  of  older  cork-cells  are  cutinized  or  subenzed 
throughout.  The  demonstration  of  cellulose  in  cork-cells  is  not 
possible  unless  the  cells  have  been  fii-st  acted  on  by  solvents, 

0.  M   FonnMlnn  of  cork  In  ■  lintncli  of  Rfhomlgrnm,  ons  ]rearotJi  part  of  Imtm- 
\t  total  ptDduct  of  Uia  iiballiiciin  e ;  k,  oork-etUa;  pd,  pb«llo<krmi ;  I 
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8UL-h  OS  caustic  potasb,  and  the  like.    But  sometinies  the  cell- 
wall  seems  to  be  completely  ctianged  into  coric-Bu balance . 

2411.   Cork-aubBtance  behaves  towards  reagents  in  nearly  all 
respects  as  culin  does  (see  157). 


250.  Cells  which  have  been  completely  snberized  can  be  sepa- 
rated fVom  each  other  by  the  gradual  action  of  Schnlze's  macer- 
ating solution.* 

2;^1.  The  color  of  cork-cells  is  not  dependent  upon  the  amount 
of  the  change  of  the  wall  into  cork-substance.  The  walls  of  the 
cells  in  some  species  of  willow  are  colorlesa,  while  those  in  other 
8|)ee{es  are  distinctly  yellow ;  and  yet  the  former  bare  been  as 
thoroughly  changed  into  cork-substance  as  the  Utter. 

-ProMnohyma  la  tli« 

irii.  Tlic  cells  and  modifled  cells  of  this  system  constitute 
llie  IVnniework  of  a  plant.  In  a  few  of  the  higher  and  in  many 
of  the  lower  plants  it  is  barely  if  at  all  developed,  the  entire 
NtriK-turo  cunsitting,  in  such  cases,  of  a  mass  of  parenchyma 
covered  by  cpiUcruiis.    But  in  most  plants  it  exists  as  a  skeleton 


'  Tliin  fiii't  lm»  Ird  to  tli«  belief  that  there  exists  in  such  cases  an  inlerme- 
iliikli'  jiliitv  v'liii'li  ililTera  in  ita  character  rroni  tlie  rest  of  the  ceU-walt ;  but 
jiniUiiiKi'il  91-iuiii  or  Ihe  wms  reaf^iit,  especially  with  wBrming,  caufics  the  cells 
ti>  brt'uk  ilawu  ftiiJ  nUInintvly  form  a  tlisorgBniied  mass. 

Fi«.  nr.  Fininittl'in  nt  cork  nnil  ttdonAnrj  eortci  In  BctnlaTerroonaa.  A,  B,  C,  D, 
luroi'UltD  ilaRiii;  I,  Hnt  Myer  of  HironiUry  cortu ;  3,  larer  whicb  lUrldn  in  B,  tfi  giia 
nui>lilB  tlia  tint  lajrar  of  ourk  {diuirii  la  Cj,  and  a  lafsr,  S,  wiUiln,  which  agalo  diildei 


to 
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bringing  all  imrta  into  closer  relations,  and  atrengtlieniiig  tlio 
whok-. 

ioi.  The  ct'Ils  arc  normally  of  considerable  tengtii  in  pro- 
portion to  tlie  transverse  diameter,  and  ai'C  gennrally  more  or 
kss  sliarplj-  pointed  {prosenchyina  proper).  Tiie  moat  impor- 
tant of  tlie  modiHed  cells  belonging  to  tliis  syetem  unite  to  form 
long  rows  in  wliieli  the  termiual  partitions  are  nearly  or  quite 
obliteralcd,  tliTOwing  the  cavities  into  one,  and  thus  forming  a 
evUnder,  U>rined  a  dua.  Between  proper  proseuehyma  cells 
and  dncta  there  are  numerous  connecting  forma  wliicli  render 
impossible  any  attempt  at  classifying  them  exuclly.' 

Associated  wiUi  these  cells,  but  diffei-ing  in  some  important 
particulars,  are  cribrose  and  latex  cells,  which  for  convenience 
are  here  to  receive  separate  treatment. 

254.  Before  developing  the  provisional  classification  given 
on  page  59,  attention  must  first  be  directed  to  ttie  peculiar 
transitional  forms  constantly  met  with,  which  belong  as  much 
to  parenchyma  as  to  prusenchyma,  but  aie  more  conveniently 
examiueil  in  connection  with  the  associated  wood-elements. 

Chief  among  these  intermediate  forms  must  be  mentioned 
those  of  which  Fig.  58,  No.  9,  may  be  taken  as  a  represen- 
tative. Here  the  whole  structural  element  is  isolated  as  an 
elongated  combination  of  three  cells,  one  of  which  has  flattened 
ends,  while  the  other  two.  attached  to  these  cuds,  have  their 
free  eslremiiiea  pointed.  In  spite  of  their  form,  such  cells  aro 
Dsually  described  as  wood- parenchyma  cells.  When  their  walls 
arc  thicker,  they  are  not  easily  distinguishable  from  septate 
librifonn  cells  (see  2C3). 

255.  The  forms  shown  in  Fig.  69,  No.  19,  are  common  in 
Uie  wood  of  many  plants,  notably  the  oaks.  They  are  rela- 
tively small,  have  rather  blunt  extremities  and  thin  walls.  They 
occur  with  these  characters  especially  in  the  autumnal  wood  of 
the  oaks  (see  393),  while  in  the  spring  wood  they  are  apt  to 


For  tlio  satirfactory  stnily  of  the  relations  of  the  denifnts  of  rrose  nchyina. 
""  ■         b™  neceaaaiy;  but  for  the  emminBtioii  or  the  elenienla  them- 

some  prowas  of  mscerBtion,  by  whith  they  cnn  Im  isolnti>il , 
■Iwayi  desirable.  In  general,  there  is  nothitijt  prefprnhle  to  Schtiliie's  aolu- 
Hon  [q  »ny  strength  it.Iapted  to  the  apecinl  case;  it  must  he  remembered  thnt 
the  tlow  actioD  of  a  dilute  solution  gives  better  results  than  the  more  rapi<l 
»«ion  of  a  ooncenttated  on*.  If  the  section  to  be  examined  in  first  subjected  lo 
the  aetion  of  the  macerating  solution  of  proper  strength  and  then  thoronghly 
washed,  it  can  be  dissected  nl  pleasure  under  a  hifjli  power  of  a  simple  lens. 
This  methoil  is  always  to  be  jireferrrd  to  the  ordinary  one  of  ilisintegiutiiig  tike 
whole  tpecimen  and  obtaining  m  confosed  mtaa  of  separated  cella. 


MORPHOLOGY  OF  THE  CELL. 


pass  over  into  the  variety  ehown  in  Fig.  59,  No.  18.     The  latter 

are  known  as  '•  coDJugnte  cells." 

PROSENCHYMA    PEOPER. 

250,  TntiC'^l  wood-cells.  These  are  Iwst  illustrated  by  elon- 
gated, often  pointed  cells,  of  wliit-h  good  exani|jles  are  found  iu 
the  cambium  layer  (that  is,  the  layer  of  meriamatic  or  formative 


Fro  M.  rinitrlnfil  nf  wond-clemena.  1-7.  ATluednfit  ap,  I.  Wnod-parpncbjinft 
CpLIf  unlml  wltli  rarb  nther;  Un^ntJal  Bectlin.  2,  3,  4.  CoiijDpile  wanl-ioroncliytDK 
mil  UnlHtsl  by  Schulu'a  ulallon.  G,  S,  Portlom  of  tjirtllT  nuUteil  llbrirnnu  BlirM 
iKtktHl  br  ScbDlu'i  ■nloUun.  T.  Tbe  niitnn  oT  ■  dacL  S-tZ  TectDna  gnixIlBj  Ilia 
■Innicnl*  lifpaniM  by  naccnUan.  9.  C"n]  "(Hite  woml-pjirciKhyniB  «ll>.  B.  Ordlnarj 
wnal-nnrcnchjina  flbre  ID.  Snlwtltaie  nbre  tl.  81nipls  librKurm  flbra.  11.  Sop- 
tare  librlfnnn  nbre.  IS.  Porllerla  liyfrnnietrfca ;  cnnJaEiite  aubuJIiite  flbre*  ««i  In 
raillKl  Kctlan.  TlM  wnod-cella  me  nmlneiL  In  nrilgr  ont  ro  eonruw  tbe  ilignm. 
87.  ItvUal  BBTilnn  thmagb  the  wood  uT  .laimiJin  M*nlhat.  3».  Truigimilsl  ««iloii 
IhmiiEli  a  UlTlfiinn  (llire  inil  two  cella  ftom  t.  RiolutUrr  nijr  of  the  nme  ]>liint. 
«MS,  BuM-rollii  nf  Cvrhiw  Ijilmmain,  39,  Crom-tiertlon  Ibrangh  k  putt  "f  a.  j-iang 
l«»l-l.nnmeM1«lnnl.yi:lilnrolni1h1cofilne,  *0,  41,41  CroP»-KcUnn»  Uiningh  yooil( 
btt(-aJl>,  acted  oabjeblarolodlds  of  ilna    (Suilo.) 
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:  just  undor  the  liark  of  dicotyledonous  plants).  Their 
walls  are  thin,  and  at  firut  nearly  or  quite  free  I'rom  pits  or 
other  uiarkiiigs. 

Thoj-  grade  into  three  constantly  recurring  foitns ;  namely. 
(1)  parenchyma  (see  254) ;  (2)  attenuated  forms,  often  so  slen- 


4 


r  as  to  deserve  the  name  of  fibres ;  (3)  forms  with  ppcuHar 
markings  at  most  points  of  contact,  and  thus  much  resembling 
ducts  or  TUHsels. 


Tto,  to.  Drkwingi  <if  wmd-elemcnU.  13.  Trarhclil  rrnm  THtatikgranills.  It-IR. 
FnrlUrlA  hjjfnjDhiETlciL  It,  CaiOuglte  subfltltDte  tibres  seen  In  tnuivene  vectlon. 
IS  Orillnur  aubilllulc  tltire  after  miuerBtlan.  i;.  18,  Conjagmte  ■nbriltnle  flbm 
■nor  maeermllaa.  1B-t3.  CjUaiu  Ijlbamun;  the  Bleni«nu  H|>iintail  bj  mmnUnn. 
19.  W<nl-p*r«(u?hTn»  abre.  20.  SobRltale  flhre.  21.  Slmjile  llbnronn  flbre.  22.  T»- 
cIkU.  33.  CrnB-HCIInn  Ibroogh  tin  cambium  «iJ  ynun^est  wind  of  Cjtliia  Labar- 
niin.  H-2S.  DndsrnnnMmhnnUA'ialfi'lluni  M.  After  niu<-nllan.  3S.  LoniittDrlliial 
*«!tl.m.  2«-3L  Duct*  rrom  Hiendum.  leparatBl  bjr  n.ii<:enll»i>i  ■bowing  the  ei- 
trtmltr  cnlr.  32-31.  DbcU  ttom  OnnnHirctnn  ■nntlilnin,  Mpanlnl  br  mimntlnii. 
W  SpmiiT  irnrlud  duet  t^nm  VICI*  rtnlfsta,  (tier  mugnttlda.  39.  LlbriTorDi  Bbrt 
'    ■  Jktrophm  JluDiat.    (Sinlo.) 
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257.  The  drawings  of  wood-elements  represented  in  Figs.  58 
and  59  are  from  Sanio's  work,  and  are  given  with  his  nomen- 
clature. The  cells  figured  in  Nos.  10  and  16,  termed  by  Sanio 
substitute  fibres  (German,  Ersatzfasern),  answer  well  to  the  type 
of  prosenchyma.  When  these  cells  are  much  reduced  in  calibre, 
the}'  are  known  as  libriform  fibres. 

258.  Oixlinar^'  prosenchyma  cells  usually  have  simple  pits,  but 
no  true  spirals.  The  pits  may  be  round,  and  of  the  same  size  as 
those  on  the  ducts  with  which  they  may  be  in  contact,  but  some- 
times they  are  elongated  slits,  and  run  obliquely,  as  shown  in 
Fig.  59.  If  two  of  these  cells  are  in  contact,  processes  may 
extend  from  one  cell  to  corresponding  protrusions  in  the  other, 
and  thus  one  cell  is  united  with  the  next.  By  careful  macera- 
tion such  cells  can  he  separated,  and  then  each  appears  to  have 
one  or  more  rows  of  square  teeth  or  short  tubes.  It  sometimes 
happens  that  the  wall  at  the  end  of  these  intrusive  tubes  is 
broken  down,  thus  allowing  free  communication  between  the 
cells. 

Good  examples  of  substitution  cells  are  to  be  found  in  the 
wood  of  Magnolia,  Liriodendron,  many  Lcguminosai,  etc.  They 
are  not  so  common,  however,  as  conjugate  parenchyma  cells  (see 
Fig.  58). 

259.  Woody  fibres  are  of  two  chief  classes:  (1)  those  in 
which  the  naiTowed  cavit}'  is  continuous  throughout  the  whole 
length,  and  (2)  those  which  have  partitions  dividing  it  (sep- 
tate fibres). 

The  first  class  has  been  again  divided  into  two  groups  depend- 
ing upon  the  presence  of  starch,  but  the  division  is  not  wholly 
satisfactory.  The  first  group  comprises  all  those  fibres  which 
have  a  trace  of  protoplasm,  while  those  of  the  second  have  also 
more  or  less  starch,  and  generally  some  tannin. 

All  of  these  woody  fibres  resemble  the  bast-fibres  of  the  inner 
bark  of  dicotyledons  so  closely  that  they  have  been  well  called 
libriform.  They  are  described  by  Sanio,  from  whose  paper  on 
the  subject  most  of  these  names  are  taken,  as  being  always 
spindle  or  fibre-form,  relatively  strongly  thickened,  and  occa- 
sionally furnished  with  bordered  pits  which  somewhat  resemble 
those  of  vasiform  elements  (264),  but  are  smaller  and  less 
clearly  defined.  They  never  have  true  spiral  markings,  and 
very  seldom  any  spiral  striation.  They  contain  during  the 
periods  of  rest  of  vegetation  in  winter  more  or  less  starch, 
and  perhaps  some  chlorophyll  and  tannin,  but  at  other  times 
only  air. 
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f  260.    The  iiDseptntc  fibres,  Uie  true  librirorm  cells,  are  only    , 

apariiigly  pitted,  except  in  a  few  Rpccies  like  Oleander,  where 
ttii'y  are  pitted  on  IjotL  the  radinl  and  tangential  nails.  The 
piU  aiT  generally  elongated  and  oblique,  and  acconling  to  Saiiio 
always  ruuning  from  tefl  to  right. 

2G1,  The  cell-wall  of  these  ffbi-ea  is  always  ligiiified,  and  pre- 
senta  three  layers ;  and  in  some  instances  there  is  also  a  layer 
irbleb  b  plainly  gelatinons,  e.  g.,  iu  Uetula  and  Alnns.  These 
gelatinized  nbres  arc  not  found  in  all  of  the  annual  rings,  nor 
in  all  parla  of  even  one  ring. 

i^-i.  Librifortn  colls  arc  variable  iu  length  in  dilTerent  plants ; 
some  of  the  shortest  occurring  in  Da|)hiie  Wezereuui.  .14  mm., 
and  the  longer  in  Avicennia,  2  mm.  In  all  cases  they  are  the 
longest  elements  in  the  mass  of  wood.  They  are  generally  sim- 
ple, but  occasionally  branched  cells  are  met  with,  as  in  Tilia  and 
Clailrastis.  They  are  sometimes  irregulaily  grouped  together, 
somclimcs  radially  arranged.  Species  of  Magnolia  exhibit  the 
l&tter.  Ulmus  the  former,  mode  of  arrangement. 

263.  8e|itatG  librifurm  cells  have  sometimes  been  confonndod 
with  wood  -  pare  nchy  ma ;  but  Sanio  jioints  out  the  following 
diatinctive  characters:  (1)  they  are  always  thicker  walled; 
(2)  they  have  oblique  slits,  while  wood- parenchyma  has  only 
roandish  pits  ;  (3)  they  become  septate  only  after  the  thicken- 
iDg  has  progressed  to  some  extent,  while  in  wood -parenchyma 
the  divisions  begin  hefore  the  cambium  cells'  from  which  it  is 
derived  have  I>egim  to  thicken. 

Septate  libriform  cells  are  less  common  than  any  other  woody 
element;  examples,  however,  are  not  rare  in  Vitis,  Uedera, 
and  Ruhus. 

2G4.  Vaaiform  elements.  Neither  of  the  two  forms  alreadj- 
considered  —  namely,  typical  wood-cells  and  woody  fibres  —  has 
distinctive  spiral  markings  or  Imo  bordered  pita  (^that  is,  dis- 
coid markings) ;  but  onollier  important  class  of  wood -elements, 
of  which  mention  must  next  be  made,  is  characteiized  bj'  such 
Uiickenings. 

265.   To  this  class  of  elements   it  is  difficult  to  give  any 
satisfactory  name.     They  have  been  collectively  termed  vasen-     , 
lar,  but  a  large  part  of  them  are  comparatively  short  and  closed. 
and  cannot  be  properly  known  as  ducts  or  vessels ;  the  uamo 
Tracheal  (or  Trachearj),   more  widely  employed,   is  open    to 


bl  The  immediulti  deririlivea  from  the  cambiiiFn,  which  are  partly  farmed 
Ddy  fibre*,  bare  bvcti  termed  cnmliium  Tibrvs  (Snulo  ;  Hot.  Zeit.,  1883). 
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the  objection  that  while  it  is  a  significant  term  when  applied  to 
trachea-like  bodies  (ducts)  it  is  a  misnomer  when  applied  to  an 
elongated  cell  wholly  free  from  annular  or  spiral  markings. 

266.  Tracheal  cells  are  of  two  chief  kinds:  (1)  those  which 
are  closed  throughout,  —  at  least  until  a  verj'  late  stage  of  devel- 
opment; (2)  those  formed  by  rows  of  cells  which  lose  their 
intervening  partitions,  and  hence  arc  thrown  into  a  long  canal, 
or  vessel.  The  former  are  known  as  Traclieids^  the  latter  as 
TrachecB ;  for  which  terms  may  be  substituted  the  following, 
applicable  in  nearly  all  cases,  —  Wood-cell  and  Duct. 

The  distinctive  markings  of  tracheids  and  tracheae  are  bordered 
pits,  or  discoid  markings,  and  various  thickenings  of  which  the 
spiral  may  be  taken  as  an  example. 

Tracheids  and  tracheae  further  agree  in  the  following  point : 
when  complete,  the  protoplasmic  mass  disappears,  leaving  gen- 
erally no  trace.  The  cavity  is  filled  in  a  few  cases  with  water}' 
fiuid,  in  some  with  water  and  air,  but  in  most  with  air  alone. 
Occasionally  other  matters  may  be  found  in  the  trachere,  for  in- 
stance, latex ;  but  tliese  are  so  exceptional  as  to  need  no  Airther 
mention  at  this  point 

267.  Yasiform  wood-cells,  or  tracheids,  are  elongated  and  taper- 
ing cells,  more  or  less  lignified,  and  having  peculiar  markings, 
the  principal  kinds  of  which,  although  previously  referred  to  in 
133,  require  a  more  extended  treatment  here. 

268.  Bordered  pits,  called  also  areolated  dots  and  discoid  mark- 
ings, are  very  common,  especially  in  wood  of  gynmosperms, 
where  they  form  a  characteristic  feature  both  in   fossil  and 

*  But  the  term  h'ocheld,  as  usually  understood,  is  aj^plied  to  wood-cells  with 
peculiar  markings,  next  to  be  described. 

The  following  measurements  by  Sanio  show  the  difference  between  the  length 
of  some  tracheids  and  the  libriform  cells  in  the  same  plant :  — 

TractaeYds.  Libriform  cells. 

Bharonos  catharticus 28  mm.  .52  mm. 

iEsculus  Hippocastanum 26     '*  .43 

Daphne  Mezereum 15     *'  .21 

Ribesnibrum 49     "  .47 

Where,  however,  the  tracheids  alone  are  present,  they  are  sometimes  much 
longer  ;  for  instance,  in  Staphylea  pinnata,  1  mm.,  and  in  Philadelphus  coro- 
narius,  .85  mm. 

According  to  Sanio,  the  bordered  pits  of  ducts  are  the  same  as  those  of  the 
tracheids,  as  regards  size,  form,  and  usually  as  regards  frequency. 

Occasionally  tracheids  are  found  which  are  plainly  septate.  It  thus  appears 
.  that  the  trachdda  form  a  gradation  between  true  ducts  and  Ubriform  cells  with 
^'-ordered  pits. 
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jenl  plants.     Wlien  llie  wood  in  a  pine  st«?m  is  cut  rridi.illy,  ' 
the  flatttMietl  sides  of  tlio  wooil-celb  exhibit  tlie  ilotteil  appear*] 
unce  seen  in  Fig.  fiO.     Tlie  uumber  anil  luodu  of  distiibution  O 
tlie  markings  in  tlic  wocxU 
ieDs  or  traohclds  of  Co- 
nivne  are  so  nearly  con- 
.  that  tliey   may  be 
with      conskloi'able 
Lninty  in  the  dist-riiiii- 
■tion  of  a  few  genera. 
I  269.     In    a    transverse 
n  of  the  mature  tra- 
elds  the  discoid  niark- 
are   plainly  seen  to 
I  pits  having  an  arched 
|pHcr      or       iiK'omplctc 

.  and   it   is  also 
!cn  that  the  thin  si>ot 
or  pit    is   common    to 
two    contiguous    ceils. 
Ilenec  the  two  domes,  "" 

I  opixisite  Biilcs  of  a  partition -wall,  have  a  lens  shape, 
I  ttie  central  i^erforalions  are  nearly  or  exactly  opposite  each  ] 
other  (Fig,  G2).     Even   in  the  same  speci- 
men  the   bordered    pits  vary    witliin   com- 
paratively narrow  hmits   Iwth  as    regards  1 
tlie  size  of  the  disc  and  that  of  tlie  central  J 
aperture. 

The  two  domes  making  up  a  single  die-  ] 

coid  marking  are  at  first   separated    by  i 

delicate   jilutu    of  unequal   tiiickne^'s:    liat  J 

later  this  *niiddle   lamella   may  be    broken  I 

^^     down,    and    then    a   free    passage   extends  [ 

-J^^^    from  one  coll  to  the  other. 

The  character  of  the  domes  and  tlie  mid-  ] 

die  plate  can  be  undei-slood  fioi 

3  of  sections  of  the  stcra  of  Piniis  sylvestria  I 

According  to  Sanio,  Ihe  sections  should  bo  1 


order  lo  P 


all  cc II -c-on tents. 
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The  caiiil'iiim-ocila  nad  tbc  youngest  tracliclils  have  iinir< 
and  smouth  walls,  but  in  tliosc  next  older  llicrc  H|i|icar  t 

BpoLs,  whicli  are  well  defined  nlion 
ami  IjeJow,  but  not  on  the  sides,  i 
here  they  grade  off  into   the  thitker 
part  of  the  wall.     In  the  cells  whidi 
an.-  still  older  the  thin  plaees  lake  llie 
8ha])c  of  discoid   markings,  and  are  | 
clearly  seen  in  any  radial  view, 
pnrison  of  radini  wiiU  transverse  s 
tiona  shows  that  at  the  margins  of  tlM 
tliin  places  a  portion  of  llic  wall  ox<| 
tends  as  a  slight  projection  iipwaitli 
and  i>nnly  over  the  s|K>t.    In  llio  ii 
mature  form  the  tliin  ]ilaee  is  still  r 
tiiined  as  a  dclicalo  plate  scpnrnlinB  \ 
tlie  two  cells,  but  easily  broken  down  J 
perlinps  In  flirlher  growth. 

270.    ScalaHfitmi   n^nrkings    fw 
134)  are  especially  abnndnnt  in  fernaJ^ 
The  bordered  pits  are  niudi  elongated,  ■ 
and  ap|>OBr  as  clefts  with  only  narrow 
portions  of   the    wall   iM-tween    Ihem 
(Fig.  G4  /)■     They  often  f.illoi 
othpr  Willi  as  much  regnlarily  as  tlts  — 
** rounds"  of  a  ladder,  whence  the  name  (from  tcularia,  —  A 
(light  of  steps).     Tbey  are  more  commonly  found  in 

DUCTS. 

271.  Ducts,  or  TracheiP.  arc  varionsly  marked  by  pits,  antli 
by  the  Uiickrnings  des('nl>ed  in  Chapter  I.  Some  of  the  mora  | 
common  forms  of  dots  arc  shown  in  Fig.  64. 

Spiral,  annular,  and  reticulated  markings  are  all  formwl  hy  I 
the  thickening  nf  parts  of  the  wall  by  which  narrow  lines  or  J 
bands  arc  produ«Hl  on  the  inner  surface.  In  these  cases  th«  | 
portiims  of  tlio  wall  which  nr»  not  thickened  ai'c  often  of  exiremo  | 
tenuit\',  and  break  u|)nii  slight  pressure  or  sttsin,  prrinitting  tJia  ^ 
Spiral  to  imcoii  or  the  rings  to  separat*!  (Fig.  S*.  ««'). 

272.  Spiral  narklngN.      Tlie  number  of   tlm-nds  or  narrow   I 
bands  variwi  fnim  nne  to  lirieen  or  even  twenty,  the  latter  in  ths 
petioles  of  Musa.>    Tbcy  wind,  as  a  nilu,  fh>m  right  to  left; 
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but,  according  to  Motil.  from  It^ft  to  riglit  in  a  few  plants.  Thua 
in  tUo  wood  of  Vitis  vinifera,  Berberia  vulgaris,  uiid  some  others, 
tiicy  run  (Vom  left  to  right  in  the  ducts  lli'st  formed,  but  in  the 
ivvcrse  direction  in  those  whiuli  are  produced  later.  And  by 
iiitemiption  of  the  spiral  it  may  have  two  directions  in  the 
faiune  duet,  as  in  those  of  Cucurbita.'    The  steepness  of  the   i 


■!  H-*^ 


Rpirnl  depends  in  part  on  tbe  age  of  the  cdl,  or  vessel,  —  at  least 
in  some  cases.  According  to  Mohl.  "  if  the  vessel  ia  developed 
in  nn  ot^an  which  has  already  completed  its  longitudinal  growth, 
Ibe  turns  of  the  spiral  lie  close  togetlier ;  but  if  the  organ  under- 
goes elongation  after  the  completion  of  tlie  development  of  the 
vcflscl.  the  turns  of  the  fibre  are  drawn  far  apart  by  the  stretch- 
ing which  the  vessel  suffers :  consequently  very  loosely  wound 
spiral  vessels  are  usually  found  in  the  postcrioi'  first-formed  por- 
tion of  the  vascular  bundle  nearest  to  the  |)itb,  while  those  lying 
nearest  the  hark  have  close  convolutions."' 

'273.  Annular  and  reticulated  marUn^  have  been  regarded  as 
mechanical  modifications  of  spirals,  and  it  is  true  that  inter- 
mediate forms  exist  between  these  types.  For  instance,  tightly 
wound  spirals  are  nearly  annular,  and  in  some  eases  there  are 
threads  which  run  either  vertically  or  obliquely  from  one  part  of 
a  spiral  to  the  contiguous  thread.  But  even  in  the  youngest 
states  of  some  ducts  tbe  markings  appear  as  rings  or  as  a  net- 

>  Mohl:  VenuUchte  Sclmrten,  1845,   pp.   297,  321,  Ui^ber  dec  Ban  rler 
1  Mohl :  Vegetnble  Cell,  Eng.  Trani.,  1S.13,  p.  19. 
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work.  While,  therefore,  they  may  and  probabl}'  do  have  a 
common  origin  with  spirals,  it  is  not  necessary  to  assume,  nor  is 
it  probable,  that  they  have  resulted  from  mechanical  displace- 
ments of  them.  The  relative  positions  of  the  separate  rings 
may  be  explained  in  the  same  way  as  ^he  steepness  of  the 
spirals.^ 

274.  Cases  are  met  with,  in  which  pix)jections  from  the  wall 
may  extend  nearly  or  quite  across  the  cell-cavity,  somewhat  afler 
the  manner  of  beams.  Such  cross-beam  cells  or  ducts  are  called 
trabecular.  A  good  example  can  be  found  in  some  of  the  tracheMs 
of  the  leaf  of  Juniperus  communis.' 

1  "  The  notion  was  extensively  held  that  the  spiral  fibre  could  not  follow 
the  expansion  which  the  vessel  underwent  during  its  growth,  and  tore  up  into 
fragments  which  were  again  united  into  rings,  and  thus  brought  about  the 
foniiation  of  annular  vessels.  Completely  as  this  idea,  which  was  a  contradic- 
tion to  all  observation,  liad  been  refuted  by  Moldenhawer,  it  remained  a  stand- 
ing article  in  all  phytotomical  writings  up  to  Meyen*8  Physiologic "  (Mohl : 
Vegetable  Cell,  p.  21). 

*  De  Bary  :  Vergleichende  Anatomic,  p.  171. 

The  following  measurements  of  wood-cells  and  ducts  are  given  by  Wies- 
ner  (DLe  Kohstoffe  des  Pflanzenreiches,  1873,  p.  525)  :  — 

Average  diameter  of  wood-ceUs. 

Rhus  Cotinus 7.5  fi. 

Ix>nicera  Xylosteon 9.8  *' 

Salix  Caprea 11.0  •' 

Viburnum  Lantana 22.0  " 

Alnus  glutinosa 25.0  '* 

Fraxinus  excelsior 28.0  " 

Average  diameter  of  dncts. 

Haematoxylon  Campechiannm 112 /i. 

CiBRalpinia  Sappan 120  ** 

Ochroma  Lagopus 140  " 

Fraxinus  excelsior 140" 

UhnuH  campestris 158 

Tectona  grandis 160 

Jn^lans  regia 220 

Carya  alba 248 

Quercussp 200  to  300 

The  ducts  in  the  foregoing  examples  are  so  large  that  in  cross-section 
they  can  easily  be  seen  by  the  naked  eye.  The  following  are  considerably 
smaller :  — 

Tilia  sp 60  /*. 

Acer  sp 71  ** 

Alnus  sp 76  ** 

Rhus  Cotinus 80 

Betula  sp 85 
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BAST-FIBBES. 

TjImm.     If  a  cell  still  growing  U  in  contact  n-ith  a  duct 
or  more  of  its  |)crruratioDS,  the  cell  may  inlruile  into  the 
cavity  of  tlie  dutt.  and  to  a  coDsidcrable  exteut.     Such  intrusiv* 
gniirtlis  are  known  as  Tyloses  (Geiinan,  Thyllcti). 

If  the  intrusive  porlioD  of  Uie  tylosis  furllier  multiplies,  pro- 
ducing new  cells,  the  cavity  of  the  duct  may  contain  n  confused 
Dias9  of  iiTqjular  cells  of  various  shapes  and  sizes.  Such  masses 
ar«  oft«a  found  in  the  ducts  of  Quercus  alba,  Q.  castanea,  Q.  ma- 
crocnrpn,  Q.  lincloiia,  Q.  Wrens,  Castanea  vesca,  Carya  allia, 
C.  oltvicrorniis,  C.  amnra,  Juglans  nigra.  Sassafras  oHlcinalu, 
Slorus  rubra,  Madura  auranliac^,  and  Robinia  Pseudacacia.  In 
the  latter  they  are  especially  striking.' 

BAST-FJBRES  (LIBER-FIBRES). 
(Sclercnchyma  of  many  recent  German  autliots. ) 

1476.  Tbo  Dame  ba»t  was  originally  given  to  the  inner  bark  of  I 
e  linden  (hass-waod).  and  hcni-e  originated  its  use  as  a  prefix  ] 
"  bast- matting,"  etc. ;  the  name  liber  was  applie<l  i 
Rieral  way>  namely,  to  any  smooth  inner  bark  (upon  which  one  ' 

rite).    That  which  imparts  strength  to  inner  bark,  mak- 
f  it  of  use  in  the  arts,  consists  of  long  and  tough  colls  with 
y  much  reduceil  calibre;   but  these  ai-o  not  confined  by  any 
s  to  inner  bark.    Owing  to  this  fact,  some  have  thought  best 
I  abandon  the  teims  bast  an<l  liber  for  such  cells,  and  adopt, 
ft  account  of  tlieir  firmness,  a  term  formerly  given  to  grit-cells, 
mely,  Bclerench3Tna :  the  older  terras,  however,  are  not  likelj- 
to  lead  to  conAision,  whereas  the  other  might     It  is  in  the  bark 
of  dicotyledons  that  libor-cells  or  liber-fibres  occur  most  abun- 
I  dantly. 

^^^v^  Their  prevailing  shape  is  that  of  a  slender  spindle,  which  may 
^^^^fcer  simply,  or  may  be  somewhat  forked  at  the  extremity. 

^^^V  The  following  cui  ho  urn  odI)-  under  &  lena :  — 

^^^^1  Euonymoi  Europiens 20  fi. 

^^^P  Fftgns  Bji. as  " 

^^^  Cml»gii»  »p 30  ■■ 

LiguKtmrn  sp 38  " 

Pynis  comnmnU 40" 

»  Mr.  P.  H.  Du'lloy,  who  (ommunicatcs  mmi-  nf  Ih.-  niime»  in  this  li.it,  ndd* 
in  his  Hole  ;  "So  far  1  liavo  never  found  nuy  tylosos  in  duct*  with  Bcalariform 
ln«rVing5." 
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Oceanamitly  Itbrea  which  uv  very  modi  bnocbed  are  met  with, 
DotaUy  in  tlie  leaves  of  Camellu,  for  inBtance  comnton  tes :  see 
Fig,  68.  Generally  the  watte  are  thickened  nnerenlj,  even  form- 
ii^  corupiciioUB  projectiMu  into  the  cavity  of  the  cell;  while 
KHDe  fibres  have  regnlar  and  chanctenstic  martioga,  a  few 


of  which  are  shown  in  Fig.  65,  Septate  forms  arc  occasionally 
found.  The  change  in  tl)c  character  of  the  cell-wall  which  ac- 
companies the  thickening  is  eseentially  lignitication,  like  that 
obscn'cd  in  wood-celle  and  ducts.  It  is  generally  eaid  tlmt  the 
walla  of  libcr-celk  are  less  brittle  than  those  of  tbe  elements 
of  wood,  and  this  is  commonly  so;  but  there  are  some  flexible 
wood -elements,  and  there  are,  on  the  other  hand,  some  ver\' 
brittle  fibres  of  scterenchyma.  The  thickening  of  the  wall  in 
liber-cells  takes  place  not  only  in  different  degrees,  but  with  va- 
riations in  the  amount  of  infiltration  of  foreign  matters,  which 
give  rise  to  ditTerences  in  the  behavior  of  the  fibres  with  reagents. 
In  a  few  cases  the  inner  part  of  the  wall  is  somewhat  gelatinous 


I  DnltiiltHlmiin.    (Winnn) 
.    (Bchnrhl 


I  bait-Bbm  med  In  tba  ul>.    '(•. 
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ind  possesses  tbe  power  of  swelling  in  ivnter  nnd  in  diliite  acidq 

kfoompare  Collencbyma) ;  io  some  otliers  tltc  outor  part  of  tlie  wal 

B  gelalitious,  nhtle  tbe  inner  is  banl.     Morus  alba,  Gletlitschij 

ri.-iL-nntbos,  and  Robiuia  Fecudacada  are.  csamplcs  of  tbe  firstji 

'  Astragalus  falt^atns  of  the  second,  condition  (Sanio). 

277.  One  of  the  most  striking  cliai-actera  of  the  bast-flbres  of 
many  plants  is  the  abnndance  of  crystals  found  therein.  Ex- 
cellent examples  are  alTorded  by  the  inner  baik  of  some  of  our 
ligueous  plants  (21) J). 


278.  The  firm  attachment  of  fibres  to  Ihose  alwve  and  tliosa 
Itclow  [hem  has  given  rise  lo  erroneous  ideas  relative  to  tlie 
length  of  single  fllires,  ns  the  table  on  the  following  page  sliows.* 

By  careful  management  it  is  [wsaiblc  to  isolate  a  connected 

iread  of  fibres  of  great  length ;  the  value  of  fibres  for  te:ctile 

iqjoscs  depends  largely  upon  this  fact. 


^^B  By  careful  mana 
^^^Uircad  of  fibres  of 
^^^htin'*'^^  depends  1 

^^^B  >  The  tnbla  on  png« 
^^Bbo  bj  Vebllurt,  vbici: 

^^^Ht    TlO.  M.    Fibre  of  Agii 
^^^■Mta  flbM  b  Uiuirn  [11  iLa 
^^^Hk  CmBp  of  rvllii 
^^^■f    Pin  «;.    Flbreorcnlr 
^^^Bflnil  omifilaLS  aim*,  b,  lb 
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Thf  tnbla  on  pnge  80  hn»  hi-en  rompilfil  rrom  ilntn  giTpn  by  Wir 
bj  Vctillurt,  wbii'li  nre  Iiere  re«rniti(ted  for  gifotfr  convenience 
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CRIBROSE-CELLS. 


HL    CribioBe-cellB,  Bleve^ellB,  or  BieTe-tub«fl. 

S79.   lu  the  inner  bark  of  stems  of  dicot.vledona  with  normal 
etruclitre  certain  long  cclb  of  peculiar  character  are  found  a»- 
sociatctl  with  bast-Bbres.     Thoy 
are  of  tubular  or  prismatic  form, 
and  are  characterize)!  by  the  pres- 
ence of  circumscribed   panels   in 
the  walls,  in  which  arc  nuiiicious 
fine  perforations  periuitliiig  coin- 
municatiiia     tie  twee  n    contiguotis 
cells.     The  panels  are  knonn  as 
ftievc-platcs ;   the  peiforations,  as 
sieve-pores.      Those  cells  consti- 
tute an  essential,  tlioiigh    by  no  "*  " 
means  always  a  conspicuous,  element  of  filiro- vascular  bundles. 

Taken  collectively,  ' 
they  may  Ire  known 
as  cribriform  tissue.  | 
By  their  union  end  to  i 
end  they  appear  like 
long  tubes  with  the 
eontinuity  Interrupted 
here  and  tliere  by  cross 
partitions.  These  par- 
titions which  separate 
the  individual  cella 
are  sometimes  nearly 
horizontal,  but  moro 
generally  oblique,  as 
shown  ui  the  annexed 
figui-ea  where  they 
mostly-  cut  the  lateral 
wall  of  the  ceil  at  a 
shaip  angle. 

280.  The  walls  of 
crihrose-cclis  are 
never  ligniQed  ;  on 
the  contrary,  they  are 
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cmUUnlnff  two  crlbrose-plAiM 
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WUtmrujOT  ow  the  cell. 

twll  <um1  uvImIim*.  OatDg  to  tbeir  jieldii^  ciiusctK.  it  is 
'  Mn»  ^  Hmk*  mti»tactoiy  Mctions  for  their  demoastration. 
rrom  Tn»b  mateiul ;  it  is  better 
to  keep  the  material  in  alcobol 
for  a  while,  or  to  dir  it  cue- 
fully,  as  Rnssoir  adi-ises.  All 
0  show  the  siere-eells. 


iHiitl  lii>  H'lv  liitii.     Tlit>  flillnwlnu  mcafitirGinonts  of  single  targe 
i-I'Hh  uIi«>|i  li;t'  itc  Hurt  hitvo  U)  iiiillcnto  tlieir  wide  range  in  size: 


'I'liit  k|t>vi>-|ilnlp«  (ii'tnir  nt  Hip  )K>ints  of  contact  of  sierc- 
'I'lii'V  !•>•■  nlttli^o  nuiliil  nt  llic  t'ntia  of  the  cells,  mid  may 
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liketrisc  appear  upon  tlio  Interal  walls.     When  Uio  Urrminal  i 
titiwns  ore  liorizontal,  or  nearlj-  so,  tliey  are  t-ross-plates,  tlia  1 
whole  partition  forming  one  plate ;  but  on  vury  oblique  enila  the   j 
ptntcs  may  he  separated  and  lie  in  one  or  more  rows.  The  platea  0 
tin-  walls  are  smaller  and  irregnlarly  distributed.    On  parts  of  tUs  I 
wall  contiguous  to  cells  of  any  other  kind  there 
may  ho  dots :  there  is  yet  some  doubt  as  to 
whether  tliey  arc  perroralions. 

The  diameter  of  the  sieve-pores  is  given  hy 
Stolil  as  not  Hir  from  2  /x ;  but  nlthoiigli  some 
are  even  5  n  in  diameter,  the  former  lit;uiv  is 
too  higli  for  the  average. 

282.  That  which 
is  cliaraeteristic 
of  sieve -plates,  in 
(listiuctiou  frfnii 
groups  of  pci'lV'- 
rations  elsewliere 
found,  is  a  thiclt- 


bluish  lustre  and 
apparently  Uonio- 
geneous  ainic- 
tiire,  known  teeli- 
nicAlly  as  the 
callus.  It  is  best 
shown  at  the  ter- 
minal plates,  es- 
pecially aller  the 
spplieatioti  of  a 
Bolution  ofioiline 
whieh  turns  it 
yellow,  and  makes  ''*  " 

it  more  sharply  defined.  In  concentrated  sulphuric  acid  and  in 
the  stixiug  alkalies  this  mass  swells  up  so  as  to  he  several  times 
ita  original  size;  and  in  the  former  it  soon  dissolves,  leaving 
only  slender  threads  in  its  place.    The  character  of  the  callus 


renrl*.    Tnin»Tm»  serHnn  itcrnw  fhrir  «r 

L'tprrli.  Tirnilniil  pnnlllon.  A  tube  Ins 
a  lerminol  ixtrllUcm  sn  filhyl  wItLi  witrlj 
.iwnrli  may  nlwkyii  be  •een;  In  llifr  pots  o 
looth  uhI  ronoiL    TuigaiUi]  mcUoo.    'V' 
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varies  with  the  age  of  the  cell  and  with  the  time  of  year,  as 
shown  in  the  figures. 

283.  Anilin  blue  is  the  best  pigment  for  bringing  oat  the 
form  of  the  callus  elearl}*.  If,  as  Russow  ^  i-ecommends,  its  use 
be  supplemented  by  that  of  Schulze's  iodide,  the  callus  may  be 
seen  to  be  made  up  of  at  least  two  portions,  distinguished  by 
tlie  depth  of  color.  In  young  and  active  cribrose-celis  the  callus 
usually  appears  to  be  a  gelatinous  layer  on  each  side  of  the  sieve- 
plate  ;  in  most  old  cells  it  is  no  longer  seen. 

284.  Contents  of  the  cells.  In  the  3'ounger  and  active  state 
just  referred  to,  the  cells  contain  a  water}'  liquid  which  holds 
more  or  less  granular  matter,  and  the  walls  ai*e  lined  by  a  delicate 
film  of  protoplasmic  substance.  That  the  callus  is  also  of  a  pi*o- 
toplasmic  nature  is  not  clear,  although  some  of  its  reactions 
suggest  this.  It  frequently  contains  minute  granules  of  starch, 
which  sometimes  give  a  bluish-brown  color  with  iodine,  like 
starch  which  has  been  acted  on  b}*  diastase.  Russow  thinks  that 
a  ferment  is  present  in  the  cells  in  their  active  state.  Wlien 
old,  most  cells  lose  not  only  the  callus  but  also  the  greater  part 
of  their  other  contents.  In  active  cells  there  ai*e  frequenth^' 
found  ver}'  small  but  brilliant  globules  which  are  albuminoidal. 
All  the  contents  above  mentioned  vary  within  certain  limits  at 
different  periods  of  the  year. 

285.  The  sieve-cells  of  the  higher  cryptogams  have  been 
shown  by  Janczewski  ^  to  be  nearly  if  not  quite  ira|)erforate  at 
all  seasons.  In  gymnos|>erms,  they  pass  through  two  periods : 
the  fii-st,  or  the  evolutive,  in  which  the  plates  produce  the  callus, 
the  cells  themselves  containing  parietal  protoplasm  ;  the  second, 
or  passive,  stage,  in  which  the  protoplasm  disappears  entirely, 
and  communication  between  the  contiguous  cells  occurs.  In 
monocotyledons  and  dicotyledons  the  cells  have  four  periods; 
namely,  the  evolutive,  the  active,  the  transitorj',  and  the  passive. 

rv.    Latez-oells,  Latez-tnbes. 

286.  Certain  plants  when  wounded  exude  a  milky  juice  known 
as  latex.  They  belong  to  widel}'  separated  orders ;  for  instance, 
to  Papavcraceae,  Campanulacese,  Asclepiadaceae,  Urticacece,  etc. 

The  cells  in  which  latex  occurs  are  characterized  by  a  soft- 
ness of  cell-wall  which  renders  them  easily  compressible ;  hence, 


1  Annales  ties  Sc,  nat.  hot.,  s^r.  6,  tome  xiv.,  p.  167. 
*  Annales  des  Sc.  nat  bot.,  s^r.  6,  tome  xIf.,  p.  50. 
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funli'it  I'j:  the  followiiig  oixlers,  — Asclepiadaceip,  Apocjnacei 
ami  KitphorliiaccK. 

The  tomplex  furma  tonsist  of  rows  of  cells  which  coakst-e 
form  a  lolex-system.  The  imlividual  cells  may  bavc  Iheir  pat 
lkiii*wulls  lirokL'H  ilown  veiy  early,  a  mere  vestige  of  them  remail 
ing ;  or  the  i>ai'titioii3  maj*  he  simply  perforated,  bo  as  to  atlovr 
ft-ee  communication  between  contiguous  cells.  Moi-cover,  tl 
confluent  cells  may  be  conjoined  laterally,  tlius  constituting 
coniplicatcd  network  which  iitna  through  the  plant. 

288,  Occasionally  roundish  groups  of  perforations  resembUn) 
in  a  few  ^>articulars  those  of  sieve-plates  arc  found  in  tlte  latei 
cells  of  Papavei'  and  some  Ciclioraceie ;  but  they  are  coarser  ami 
more  irregular,  and  are  devoid  of  tlie  peculiar  sieve-plate  strac- 
lure.  Moreover,  no  tnie  intermediate  forms  have  been  proved 
to  exist  between  the  two  kiiuls.' 

28a,    The  wall  of  a  latex-cell  is  often  very  thin,  and  fi^e 
any  markings ;  but  with  even  slight  increase  of  thickness,  strii 
tioiis  and  stratification  make  their  appearance,  pmjections 
extend  iutu  the  cavity  of  tlie  cell,  or  even  spirals  may  Ik  present 
In  cliflracl«r.  the  cell-wall  [jossesses  many  of  the  iieculiarities 
collenclmna,  especially  in  its  behavior  with  iodine. 

290.  That  the  cells  contain  a  protoplasmic  lining  is  liighly 
probable,  but  tliia  has  not  3ct  been  satisfactorily  demonstrated. 
The  liquid  in  the  cells  consists  of  granular  matters  sus[>ended  in 
a  watery  fluid,  and  imparting  to  it  a  milky  api>earance.  OlXcn 
the  color  of  the  liquid  is  yellow,  as  in  Ai^emone.  or  orange,  as  in 
Chelidonium.  The  watery  fluid  contains  in  solution  sugar,  gums, 
resins,  traces  of  albuminoid  matters,  and  various  principles,  fbr 
instance,  alkaloids  (like  morphia),  and  organic  acids. 

The  suspended  matters  are  of  minute  size,  willi  the  excc)>>' 
tion  of  peculiar  forms  of  starch -granules.  When  perforation 
is  made  in  the  latex-system  of  a  tuigesccnt  stem,  these  granules 
can  be  seen  to  move  towards  tlie  point  of  injury.  The  same 
inovcniont  can  he  obscr^'ed  when  the  pressure  on  one  part  of 
the  stem  is  materially  increased ;  and  hence  arose  the  erroncouft 
belief  that  there  is  a  circnlation  of  latex.* 

2!)1.    Ulion  ex|K>sure  to  the  air  lat«x  coagulates,  and  form*] 
npon  drying  a  sticky,  elastic  mass,  which  in  some  plants  is 
ciently  abundant  to  Airnisli  the  india-nibbcr  of 


'  D.  H.  8i-ntt  :  On  the  development  of  ■rticulnled  laticiferoM  vesseU 
Jonm.  Hie.  Sdetice,  1882,  p.  Hi,  An  intorpHtiiij  iwpoiint  is  also  given  b 
de  Bury,  from  iioU«  hy  Stlimnlli""sen,  Vergli-ii'henile  Anatomfii,  p.  205. 

*  Snhiiltx  -.  Die  Cykltuc  dea  Ubrwrnhti  in  den  PBanten,  1811,  p.  289. 
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292.  ladividual  ticlls  (idioblasts)  mayditftT  greatly  from  theii 
neiglibora  na  respects  tiieir  contents.  Such  cells  may  be  well 
named  after  tlieir  characteristic  contents  ;  as  crystal- cells,  resin- 
cells,  mucilage- cells,  tanniQ-cells,  etc. 

293.  They  varj-  much  iti  shape  and  size.  Frequently  tliey  are 
not  readily  distinguishable  rrom  tlieir  iinmcdialo  neighliors  by 
Anytbing  except  their  contents.  In  other  cases,  however,  they 
ma}'  assume  forms  widely  different  from  those  of  the  cells  around 
them,  and  may  also  be  distinguished  by  their  size.  They  are 
often  80  associated  togetlier  as  to  I'orra  "glands." 

294.  Crystal'Cdh.  These  sometimes,  as  do  Barj-  points  out, 
curiously  resemble  the  shape  of  the  crystal  or  groups  of  cryatala 


wbich  they  contain.  Thus  globular  clusters  are  generally  con- 
tained in  spherical  cells,  elongated  prisms  in  elongated  cella  { 
(m  in  Quillaja).  "In  many  trees  each  cambium-cell  (as  it 
develops  into  a  baat-fibre)  may  be  divided  by  diagonal  partitions 
iato  numerous  (20  to  30)  chambers,  the  height  of  which  is  about 
the  same  as  the  width,  and  eacb  is  filled  by  a  crystal  or  a  small 
cluster.  In  this  case  the  general  outline  of  the  original  cambium- 
oell  remains  unaltered,  and  the  whole  row  of  compartments  may 
be  isolated  as  a  chambered  fibre." '  The  bast^cells  containing 
crratala  have  been  already  noticed. 

295.  Resin-celis.  In  a  large  number  of  plants  soft  viscid 
Bubstances  are  present,  which  exude  when  the  tissues  are 
wounded.  They  may  be  roughly  classed  into  (1)  Balsams,  in 
which  resinous  matter  is  mixed  with  a  considerable  proportion  of 


'  D«  Bary  ;  Vcrgtcichrnde  Anati 
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one  or  more  essential  oils,  forming  a  lliifkisb  liquid  ;  (2)  Kesini 
wtiicli  Lave  comparatively  little  esseutial  oil  comminglod.  and  & 
of  varioua  grades  of  liardcess  ;   (Ji)  Gum-retina,  or  resius 
ing  more  or  leas  mucilaginous  or  gummy  matters.     To  the  \\ 
class  are   sometimes  referred 
the  products  left  by  the  drj'ing 


of  many  milky  Juicos  (Intcx)  ;  of  such,  caoutchouc  is  t 
ample.  All  the  foregoing  substaucea  may  be  found  in 
cells,  which  are  of  ver^"  diverse  forms. 

29C.  Roundish  cells  of  this  character  are  found  in  the  Mfl( 
noliaccie  and  some  Cotapositas,  etc.  Long  cells  arc  to  be  de- 
tected in  some  Liliaceie,  etc.,  and  they  are  connected  by  many 
intermediate  forms  witli  resin-duets  arising  from  the  confluence 
of  several  cells.  On  the  other  hand,  they  pass  by  various  gra- 
dations into  structures  which  are  generally  referred  to  the  latex- 


le  UyBr 
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......_.      .  -1, Mi»eriDB l»j«t fOnalng » CD  " 


],  a  large  drgp  of  elL    (Eauter.] 
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system.  To  this  system  Bliould  perhaps  be  referred  also  n 
OU8  cases  of  jjigment-cells,  like  tlioBe  in  the  rooU  of  madder  and 
rbobarb ;  also  the  peculiar  bodies  seen  iti  tlic  peripliery  of  tlie 
pith  of  Sarabueus,  and  tlic  milk-sacs  of  some  s[>ecies  of  Acer. 

297.  MuciUige-cella  arc  larger  than  tbe  surrounding  cells,  and 
somellmes  closely  resemble  intcrcel hilar  spaces  Olleil  with  muci- 
laginous matter.  lu  some  instances  the  mucilage  is  distinctly 
referable  to  changes  in  Ibe  contents  of  tlic  cell,  in  otliera  to  a 
disorganization  of  a  (xirtion  of  the  wall,  while  in  still  otbere 
botb  aourcoB  may  be  recognized.^ 

298.  Cells  containing   tannin  in  very  large  amount  ar 
quently  met  witb,  but  they  do  not  call  for  speciiil  remark. 

299.  Resins  and  the  like  are  Ibund  not  only  in  single  C 
bnt  also  in  spaces  formed  by  tbe  breaking  down  of  the  interveii*fl 
ing  walU  of  cell-clusters  of  various  shapes ;  hence  various  forms  | 
of  receptacles  for  these  substances  may  be  looked  for. 

HJTERCELLULAE  SPACES. 

SOO.  The  walls  of  cells  still  capable  of  division  are  generally  Iftl 
unbroken  contact ;  bnt  as  dilTercntiation  goes  on  they  may  b 
come  separated  more  or 
less  by  nncqiial  growth 
or  by  8  breaking  down 
of  intermediate  cells.* 
Tlie  intercellular  spaces 
thus  formed  may  he  mere 
chinks,  or  they  mnj'  be- 
come chambers  of  huge 
size.  They  may  con- 
tain merely  air,  or  air 
and  water}'  sap.  or  most 
of  Ibe  matters  deaciilted 
in  the  previous  sections. 

Air-spaces  in  the 
looser  tissues  of  plants 
are    generally   so    con- 

■  The  dctoili  of  this  flnbject  can  be  round  in  Prtngi.  Jahrb.,  v.  141  (Fr.ink), 
•nd  Aniwles  dei  Sc  not..  Ut.  S,  tome  L  |i.  176  (Priltienx). 

*  The  first  mode  or  deTulopTDHDt  of  intfriMilInUr  spnces  hu  been  termed 
lAiagtKK,  the  Vittet  ly^gmie ;  moreover,  a  distinction  mnj  Iw  made  between 
tboM  intcrcellulnr  epocea  which  are  fonned  when  tlie  lifFSur-s  begin  to  diSereii' 
tiat«^  — prologenic,  —  and  those  Tomicd  in  older  tissnes,  —  h-/iilrri>gfn!e. 

rio.  Bt.  TranncrM  MCtion  Ihroueli  [ho  sUtd  oI  Elacloa  AUnulrain,  Bbowiut  largs 
.   IBdnke.) 
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nootc'ct  throughout  the  plant,  and  oommanicate  so  directly  with 
ih0  ntntnnta,  that  thoy  constitute  an  apparatus  for  bringing  the 
ihtnt'lor  of  the  structure  into  close  relations  with  the  outer  air. 
NoiiH^tltiKm  the  aggregate  volume  of  the  air-spaces  is  very  large 
in  |iro|i<)rtlon  to  the  volume  occupied  by  the  cells  themselves.^ 

Ill  cMJUifKHiition,  the  air  within  the  plant  usually  differs  from 
thiit  of  the  atmosphere  in  containing  a  larger  proportion  of 
iiltrogiU).  If  Uie  air-spaces  are  much  smaller  than  the  cells 
whloh  Hurround  them,  they  are  termed  interstices;  if  about  as 
largd  UM  the  cells,  lacuncB  ;  if  conspicuously  lai^r,  air-passages 
or  ufr-c'harobers.  Two  chief  forms  of  lacunae  are  distinguished 
by  d(j  Hary;  namely,  cavities  surrounded  by  cells  which  ai*e 
mora  or  limn  branclied,  and  those  surrounded  by  plates  of  cells. 
OihhI  (ixaroploni  of  the  former  are  afforded  by  many  water-plants, 
runUitH  and  tlie  like ;  of  the  latter,  by  the  stems  of  many  Araceae, 
for  iimtance,  Acorus  Calamus. 

HOI.  Thi*  continuity  of  the  larger  air-passages  may  be  inter- 
rupt4;d  by  plates  crossing  at  an  angle  (generally  slightly  obliqne). 
HmU  dividing  plates,  U^rmed  diaphragms^  are  frequently  com- 
pliirttUtd  In  their  structure. 

H02.  Hairs,  sometimes  much  branched,  are  found  in  the  larger 
aii'liawMages  of  many  plants.  These  form  the  stellate  structures 
in  tin?  NymphieaccflL*,  and  the  **  Il-llke"  cells  in  some  Arace®. 

H(i;i.  Intercellular  spaces,  usually  those  of  small  size,  may 
contain  water  together  with  air.  This  is  the  case  in  the  cavities 
undf^r  the  waUtr-pores  of  Fuchsia,  etc. 

iUH»  When  Intercellular  spaces  contain  resins,  oils,  and  the 
llk(s  tlicy  (!onMtitute,  together  with  the  simple  cells  described  in 
21iri,  tlitj  Mtructutcs  loosely  called  internal  glands.  Often  these 
are  uiarnly  Irregular  spaces  leJl  by  the  breaking  down  of  one  or 


1  TliH  following  mnosurenicnta  are  taken  from  Unger  (Sitzungsb.  d.  Wiener 
Akiul.,  xii.  373). 


Nan  10  of  plant. 

Ports  examined. 

No.  of  parts 

by  Tolunie  of  air 

in  1000  parts 

of  the  plant 

pAMpaliiiri  MtA4*0Uin. 
MiiHH  Mplttiitiiin, 
Nlt'iiilmiii  Ttthfioum. 
Hi  iiMnit'a  Ra|mi. 
iSttifitiilii  iiiHiitcatii. 
(*Hnii<llla  jH|»unlea. 
I'niiiiia  I^iirocorMUf. 
AiK'iiliA  ilnpoiilca. 
ArUUIa  orenulatOi 

Fonr  leavee  with  their  sheaths. 
Piece  of  tlie  leaf-ntalk. 
I^rfiafwlth  leaf-BUllc 
lioaf  with  leaf-stallc. 
One  leaf  with  iu  stalk. 
Two  leares  with  their  stalks. 
One  leaf  with  lU  sUlk. 
One  leaf  with  its  stalk. 
Four  leaves  with  short  stalks. 

68 
480 
296 
175 

66 
224 
219 
273 
220 
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remarkable  regularity  of  ] 


more  cells,  but  they  Bometimca  havi 
form  and  clearness  of  outline. 

It  has  been  obsen'ed  that  these  spaces  filled  with 
Otiier  mattera  are  not,  as  a  rule,  met  with  in  the  plants  which  are 
provided  with  the  eimpler  receptacles,  consisting  of  single  cellB 
or  small  groups.     Dc  Bary  classifies  these  reeio-passagea  and 


spaces  fts  follows;  (1)  those  passages  which  contain  nincili:^ 
am)  gums,  as  those  in  the  Cycads,  species  of  C'nnna,  Opuntia, 
and  some  Araliaceffi ;  (2)  resin-canals  and  cavities  coulaining 
rceins,  ethereal  oils,  emulsions  of  resinous  gums,  etc.,  variable  in 
quality  in  different  cases ;  a,  passages  or  canals,  as  those  in 
Conifene,  Alismacese,  Aroideas,  the  tubuli- flowered  Compositee, 
Umbellifene.  Araliacea;,  Anacardiaeeae;  6,  short  cavities,  as  in 
species  of  Uypericnm  and  the  true  Itutaces,  many  species  of 
Oxalis  and  MyrtaccEe,  and  some  species  of  Lysimachia.  The 
cells  which  surround  the  more  complete  cavities  are  so  different 
ttoxa  the  neighboring  parenchyma  that  they  have  been  termed, 
collectively,  the  epithelium  of  the  spaces. 

It  ia  not  fully  known  in  what  way  the  various  resinous  and 
mucilaginous  matters  are  produced  in  the  cavities.  In  some 
instances,  at  least,  the  matters  appear  at  a  very  early  stage  of 
the  development  of  the  cells  wliich  are  afterwards  broken  down 
to  form  the  cavity.  The  special  cases,  like  those  of  the  MjTta- 
ceie,  in  which  the  cavities  contain  oil,  are  Irest  for  purposes  of 
Study,  because  they  are  so  frequently  to  be  found  in  the  thinnest 
leaves,  and  at  an  early  stage  of  development. 


i 
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CHAPTER  III. 

MINUTE    STRUCTURE   AND   DEVELOPMENT    OP    THE   ROOT, 
STEM,   AND  LEAF   OF  PH^NOGAMOUS  PLANTS. 

GENERAL  CONSIDERATIONS. 

305.  The  tissue  elements,  described  in  the  preceding  chapter, 
are  arranged  in  various  ways  to  form  and  connect  the  organs  of 
the  plant.  If  elements  of  the  same  kind  are  united,  they  cousli- 
tutc  a  tissue^  to  which  is  given  the  name  of  those  elements  ;  thus 
parenchyma  cells  form  parenchyma  tissue  or  simply  parenchyma ; 
cork-cells  form  cork,  etc.  A  tissue  can  therefore  be  defined  as 
a  fabiic  of  united  cells  which  have  had  a  common  origin  and 
have  obeyed  a  common  law  of  growth. 

Tissues  are  united  to  form  systems;  sj'stems,  to  form  organs, 

306.  In  nearl}'  all  plants  with  which  the  present  treatise  deals 
there  is  some  kind  of  framework  consisting  mainly  of  the  more 
elongated  cells  and  ducts.  This  framework  runs  throughout 
the  entire  organism.  It  is  surrounded  by  parenchyma,  in  which 
other  tissue  elements  mfiy  also  occur ;  the  epidermis  in  some  of 
its  modifications  covers  the  whole. 

307.  The  three  chief  systems  found  in  plants  are,  therefore, 
the  fascicular,  the  cellular,  and  the  epidermal ;  and  these  corre- 
spond in  a  general  waj*  to  three  classes  of  functions.  In  the 
cellular  system  arc  found  the  active  cells  by  which  assimilation, 
the  proper  work  of  the  plant,  is  effected ;  the  fascicular  system  is 
largely  conductive,  and  serves  also  important  mechanical  ends ; 
the  epidermal  system  brings  the  assimilative  apparatus  of  the 
plant  into  safe  relations  with  the  surroundings. 

No  discussion  of  the  cellular  and  epidermal  sj'stems,  intro- 
ductory to  a  si>ecial  consideration  of  them  as  they  occur  in  the 
difTerent  organs,  is  needed  ;  but  some  general  statements  relative 
to  the  fascicular  system  will  obviate  repetitions  later. 

308.  The  fascicular  system,  in  its  most  complete  development, 
comprises  the  following  tissue  elements,  which  occur  in  very 
difTerent  proportions  in  different  cases,  —  prosenchyma  in  the 
widest  sense,  including  wood-cells  of  all  kinds,  ducts,  fibres,  and 
cribrose-cells ;  together  with  some  commingled  parenchyma.   With 
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tt  exception  of  the  parenchyma,  all  these  elements  arc  elongated 
and  are  arranged  in  varioua  sorts  of  fascicles  or  bundles,  whence 
Uic  name,  the  Jiucicular  system.  Since  fibres  and  vessels  play 
sacb  an  important  part  in  the  composition  of  this  system,  it  has 
bet^n  also  called  the  fibro-vascularBystem,  and  tlie  buudlea,  fibro- 
vaacular  bandies. 

309.  When  reduced  to  its  lowest  terms,  a  flbro-vascular  bun- 
dle consists  of  two  tissue  elements,  namely,  crihrose-cells  and 
tracheal  cells,  the  latter  being  sometimes  replaced  either  wholly 
or  in  part  bj'  ducts. 

310.  The  two  elements  are  nsually  associated  with  some 
porench^-ma  and  with  a  considerable  proportion  of  long  bast- 


fibres  ;  but,  while  preserving  a  general  unifoiinity  of  structure 
throughout,  a  bundle  may  liccome  considerably  changed  in  cora- 
position  during  its  {rourso.  This  is  well  shown  by  comparing 
sections  token  at  some  distance  from  each  otlier ;  for  instance, 

e,  from  (ha 


«iipriw».ft. 


Fid,  O.    LongliiuUnKl  twIIiU  aecUfti  of  *  n 
rtmBafiidlootylcaim;  ^-i,  wowU  <— iplilwr; 

liiut.r,  wider  »pitiUilnel,<',inlurtii!lUKiiliini.f.wnod7panjncbTma./,»oiiJyfll 
7.  irlile  iluct  wllh  ui>ilBl«l  pil>.  A.  ■cHnlo  mwly  fllim;  the  ILber  mmpiiiHS,  n,  Uber~ 
Dbro.  n.  slinrt  twMUvhjraui, '.  uriliroK-wllB,  i.  csmbimu,  i,  loni  paraodijriiia  or  cwn- 
■"'        .    tKnj.) 
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one  made  in  the  middle  of  the  course  of  a  bundle  with  one  ni 
its  extremity. 

311.  The  cribrose  part  of  the  bundle  may  also  be  termed 
liber-portion  or  bast-portion ;  the  tracheal,  its  woody  portion. 
These  terms  are  not  liable  to  be  confouDded  with  any  others, 
since  it  is  with  the  cribrose  portion  that  the  well-known  bast- 
fibres  or  Uber-hbrca  are  associated)  while  it  is  in  the  tracheal 
portion  that  all  the  constituents  of  wood  are  found. 

312.  For  the  first  term  (bast-portion),  Niigeli  has  introduced 
the  word  Phloem  ;  for  the  second  (wood-portion),  Xyle 
this  treatise  these  termu  will  be  used  interchangeably  with  the 
Others.  But  the  woody  portion  of  a  buudle  is  sometimes  vetjii 
far  from  being  conspicuously  ligniQed,  and  the  bast-poition  man 
be  mnch  reduced. 

313.  The  three  principal  ways  in  which  the  elements  of  bun* 
dies  are  arranged  arc  :  1.  A  single  strand  of  liber  has  ouc  side 
in  contact  with  a  single  strand  of  wood,  the  two  running  side  by 
side,  —  the  coBtUeral  bundle.  This  mode  of  arrangement  is  com- 
mon in  the  stems  of  photnogams.  A  variety  of  the  collateral 
bundle  has  a  strand  of  liber  on  each  side  of  the  wood,  or,  con- 
Tersely,  a  strand  of  wood  on  each  side  of  the  liber,  —  the  bicoUat- 
eral  bundle.  2.  The  strands  of  liber  and  wood  are  in  different 
radii,  —  the  radial  bundle.  This  is  the  most  common  mode  of 
arrangement  in  roots.  3.  A  strand  of  one  element  is  wholly  en- 
veloped by  the  other  clement,  —  the  concentric  bundle.  These 
modes  of  arrangement  wilt  be  fVirthcr  discussed  under  "  Roots  " 
and  "  Stems." 

314.  The  bnndlos  are  snrrounded  by  parenchyma ;  but  this  is 
very  frequently  limited  at  the  periphery  of  the  bundle  by  a  cylin- 
der formed  of  closely  united  parenchyma  cells,  which  contain 
considerable  starch.  The  endoiierviia  is  a  specin]  case  of  thJa 
stmcture.  in  which  the  cells  arc  more  or  less  distinctly  cutiuized. 
When  this  enveloping  cylinder  is  well  defined,  it  is  known  as  the 
bundle-sheath,* 

315.  At  first,  each  bundle  consists  of  similar  cells  (procam- 
bium),  some  of  which  differentiate  into  fibres,  vessels,  etc. 
Bundles  in  which  all  the  procamhtum  cells  become  permanent 
cells  are  closed ;  those  which  retain  an  inner  portion  (camlnum) 
capable  of  fiirther  differentiation  are  open. 

'  In  agreBt  nmnhcr  of  instancM  it  is  oonronicnl  to  refer  to  the  same  struo, 
tare  tlie  long  and  flrm  best-cellB  wbich  ore  found  at  one  side  of  the  bandle  ; 
bnt  the  auluect,  when  examin«l  from  the  point  of  view  of  derdopment,  espe- 
cially wlien  tbe  vascular  crTptoganis  am  token  into  nccount,  preMCta  ■□  manf 
difficoltiea  that  it  may  be  here  left  without  farther  treatmeut. 
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31  Gi  As  regards  the  course  of  the  bundles  through  tlie  plant, 
it  is  sufficient  to  note  here  that  they  are  variously  combiDcd  iu  the 
different  organs,  sometimes  forming  compact  masses  of  tissues, 
and  lit  others  running  as  slender  and  delicate  isolated  threads. 

817.  It  has  been  seen  in  201  that  mcristem  la  the  nascent 
state  of  any  tissue,  and  that  it  may  multiply  as  such,  or  first 
become  differentiated 
into  elongated  forms 
(cambium).  Forcon- 
veuienceofrefercnce, 
the  meristcm  at  tUo 
growing- points  of  tlio 
axis  of  the  plant  is 
given  special  names : 
Dermal  ogen,  the 
layer  of  nascent  epi- 
dermis ;  Periblem,  ** 
the  layer  of  nascent  cortcs  just  beneath  the  epidermis  ;  Plerom, 
the  cj'linder  or  shaft  of  nascent  fascicles.  The  cells  from  which 
these  primordial  layers  or  masses  of  nascent  tissues  arise  are 
known  as  initial  cell*} 

The  initial  cells  produce  primordial  layers  or  masses  of  tissues  ; 
by  their  further  development  the  primordial  layers  or  masses 
give  rise  to  the  early  distinctive  tissues  of  an  organ.  The  tis- 
sues thus  early  formed  constitute  the  primary  structure  of  the 
plant. 

318.  In  the  further  growth  of  an  oi^an,  especially  in  plants 
which  are  to  live  more  tiian  a  single  year,  or  which  have  a  well- 
defined  period  of  rest,  remarkable  changes  may  talte  place  in  its 
stnicture,  especially  by  the  introduction  of  new  elements.  Such 
changes  are  known  as  secondary,  and  give  rise  to  the  secondary 
structure  of  the  organ.  From  the  nature  of  the  ease,  it  is  im- 
possible to  draw  a  sharp  line  between  the  primary  and  secondary 
Btmcture ;  but  the  division  is  nevertheless  useful  in  the  exami- 
nation of  the  minute  anatomy  of  the  plant. 

'  Hnnstein :  DieSi'heitdzellgmppp im Vi^gelBtianapnnktder PhoneragDinoii, 
1S6S  :  also  in  Botnnisohe  AbhaadlungeD,  1871,  p.  3. 

Ths  ilistiiictioD  betwven  merUCem  projier  luid  cambium  is  insisted  ou  by 
Nageti  in  his  Beitriige  (1658). 

Fid.  M.  IiODgfiu<llii&l  xsitlnn  Ihranfh  tba  mlddls  of  ths  n»r-t!p  nf  the  smliryo  of 
Punledeiis  cnnUtit.  Tlie  lavor  Initial  celln  [irnlucc  the  <a|i.  c ;  tlie  nldille.  Ihg  nu«nt 
Mrui,  k:  lbs  upper.  Iba  nucent  csntnl  crlltulBr,  cc.  Tho  niucenl  apMenoli.  rp.  of 
thsiUDi  !■  oontlniinl  down  la  tbecap:  f,tbepirint  to'hlch  tbe  guspcntiir  «u  UUduiil. 
In  olbarUriiu,cc  la  ths  plerom,  ec,|Mrlblsm,<j),detmatogaD.    (FlaluulL.) 
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PRiKAnv  Stboctube. 


319.  It  was  stated  in  Vol. 
I.,  p.  27,  that  tlie  n>ot,  or 
ilesccnding  axia,  "nonually 
l)cginB  in  germination  at  the 
root-eud  of  the  caulicle,  or 
so-called  radicle;  but  that 
roots  soon  proceed,  or  may 
proceed,  from  otlier  parts  of 
the  stem,  when  this  is  favor- 
ably situated  for  their  pro- 
duction." 

320.  A  longitudinal  sec- 
tion tiirough  tlie  tip  of  a 
germinating  radicle  exhibits 

parenchyma  cells.     Slight 


differences  exist  between  these 
cells,  both  OS  regards  shape 
and  size  ;  at  the  very  end  of  the 
nulicle  they  are  relatively  large, 
and  form  a  sort  of  cup-like  cov- 
ering [root-cap)  for  the  smaller 
cells  lying  directly  back  {the 
growing-point).  If  the  section 
is  thin  enough,  it  will  be  seen 
that  at  the  growing-point  numcr- 
OHs  rows  of  cells  opi>ear  to  con- 
verge, the  fact  being  that  all  the 
cells  of  such  rows  arc  derived  l>y 
multiplication  from  those  at  the 
growing-iToint. 

321.  Certain  differences  in  the 
arrangement  of  these  rows  can 
1)0  seen  niK>n  comparing  the  radi- 
cles of  plants  of  ditferent  classes. 


Fio.  «S.  lAngitncHnnl  Hctinn  thmujih  th<  mldi 
leniiini.  Tlio  lower  Inlttal  mIIp  (rive  rfw  lo  (tio  ca 
prrnluce  tho  corlcx  r'e :  J^,  perlptisral  Injer  of  I 
from  III*  iiippoMnlllnl  cell*.    |.lBnczew>kL) 

Fin  M.  Lon^tuillTiiil  nctlnn  thmiiiti  ihe  miilille  nf  >  lateral  root  nT  Pnnteicrim 
ersMlpn:  cc,  nwusnt  central  cTllQ'ler  (plsram):  t'c.  nwMDt  cortax  {pariblamj;  t'p, 
nuixut  eplilerml»|<leimaCogao);  f,  ruut-cap,    (FUhaulL) 


the  ront-tip  of  F»gopjruiD 
111  thee[>i<IerRi1iir'p,'  Hie  m 
nti&l  ejllnder  cc,  wUcb  c 
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Thns  in  most  cases  tho  group  composing  the  point  of  growA 
consists  of  lliree  kinds  of  superposed  ci-lls,  so  arranged  in  layei4 
tliut  each  gives  rise  to  a  determiuate  portion  of  tbc  forming' 
root ;  (1)  the  outer  or  lower  layer,  to  the  root-cap  and  the  rest  (rf 
the  epidermia;  (2)  the  middle,  to  tlie  cells  wliieh  ore  immediately 
nnder  the  epidermis,  —  the  cortex  ;  (3)  tlie  inner  or  upper  layer, 
to  tbc  central  cylinder.  But  iu  some  plnuts'  there  are  more 
than  three  layora  of  initial  colls  («.  g.,  Spai^aniuu),  Raiihanua, 
etc-)<  v^hilc  in  oUicra  there  are  less  than  three  (e.  ^.,  only  one  ia 
Cuciii'bitaceie.  two  in  Triticitm). 

322.  The  B«ot>cap.  The  growing-points  of  nascent  roots  origi- 
nate just  below  the  suifacc  of  the  oi^an  whence  they  proceed  ; 
hence  roots  are  said  to  l>e  formed  cndogenously.  In  emerging, 
they  nipture  tlic  laj  er  of  tissue  by  whieli  tliey  had  been  covered, 
but  are  from  the  first  protected  at  the  end  liy  a  thicker  or  thinner 
mass  of  parGncbyma,  —  the  root-cap.' 

323.  It  does  not  always  have  the  same  origin,  as  will  lie  seen 
by  the  notes,*  nor  has  it  the  same  shape  and  size  in  all  plants. 

1  ij-pes 


4 


4)  ili-u'ribL'3  MX  lypea 
1,  Periblcm,  Dcmuto-  ^^^| 
jleni  md  Dermatogaa  ,^^^| 
oil  Colfptrogeu  b«rt^^^| 
uid  CaljpCrogen  h*ta  ^^^| 
tattolui  Hnd  Fia\aa.  I 


1  Janciewski  (Ann.  deg  Sc.  nuL,  ait.  b,  Uinw  xx., 
of  devclopmt<Dl  of  tlie  tmavs  of  the  root :  — 

1.  Four  distinct  layere  of  msriBtera  ;  nnniBly,  Pit 
fm,  and  Calyptrogcn  ;  c.  g.,  Ilydrue/utrv, 

%  A  distinct  Plprom  and  Calyptrogen,  liut  the  Feribleni  md  Dermatogol 
biTe  initial  eeWn  in  coniinuii  ;  <.  g.,  OramnMO, 

3.  A  JiHtini-'t  ricrrom  ;  tlm  Periblcui,  Dvinutngen,  and  Colyptrogeu  bavt 
Mlulu'iii  iuiliiil  i-r'1lH  ;  f.  g.,  /riibuia. 

4.  A  diKtinrt  riiTuin  and  PcribUm  ;  tha  Darmalogen  and  CaljpCrogen  hata 
eoninKiii  iijiiial  cdU :  e,  g.,  UtliaiUhua  nnnuu. 

0,  Ail  four  layers  liuvu  ooniinon  initial  cell*  j  e.  ?.,  Pkattolui  and  Pmiin. 

t.  Onlj  B  dinUnct  Pleroni  and  Ptriblero  ;  Hierefor*  llipre  is  neitber  tni« 
•fdileraiii  nor  root-rap,  wmw  ILcse  are  TomMKl  simply  by  outer  layera  of  tb« 
Pmblem;  t.  g..  Oyunuitpcnna!. 

Tttab  (187fi|  and  Eiikswiu  |1S781  dlslingTiisli  wven  1yi»a, 

■  According  •<>  Olivirr,  a  pnrt  of  tlie  tissue  thua  broken  throngh  by  the 
•dvuicing  nuliclu  of  gmaea  reuoing  nl  iU  Imw,  as  the  I'olMrhiui,  whilr  the 
Rat  iieeomea  thu  rnot-rap  (Ann.  d<*  3c.  nat.,  B^r  S,  tone  xL,  18S1,  p.  19). 

*  According  to  FliUiault(R«herche9>arraccioim«Qient  tflroimal  deUrncine 
cUm  Ie»  Plinnirogames.  Ann.  dei  8c.  nst,«6r.6,  tome  ti.,  IS78),  who  ha«»his 
opinion  on  an  eiumination  of  three  hundrtd  and  fifty  epei-iea  of  Pliaaiognma, 
tlic  trrminal  growth  of  the  mot  may  be  referral  to  two  stmctunl  types  Hbich 
■K  duraeteriatii:  of  monocotyledons  and  dicotylnlouH. 

In  monocotyledons  the  epidermia  ia  generally  fonnrd  by  the  Initial  cells  of 
tin  eortex.     Thu  ppidermia  narer  givea  rise  to  a  root-cap  ;  the  raat.«ap  onuo 
tonatd  b  mntinnally  renewed  bj  the  aetiTitj  of  ita  hitemal  layErs.    In  dicoty- 
MoMw  on  the  other  band,  the  epidermis  is  iliuiml  aluuy*  indi-pradi 
CMtex ;  the  loot-cap  i*  contiuii»lly  reoeved  by  tho  ootivity  of  the  c 
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Boots  which  grow  in  the  earth  scUom  have  it  much  developed;  1 
but  in  many  aquatics  it  becomes  or  large  size,  though  it  b  always  1 
thin.  lu  some  species  of  Pontedeiia  the  cap  envelops  the  root  J 
tor  tile  length  of  half  a  centimeter ;  but  it  is  free  I 
at  ils  Mp})cr  part,  and  is  in  contact  with  the  roota 
only  at  its  verj-  tip.  The  roota  of  TypbacenI 
and  Lcmnaees  exhibit  nearly  the  same  stnio- 1 
ture-  The  cap  consists  in  these  cases  of  onlyf 
one  or  two  layers  of  thin-walled  cells. 

The  aerial  roots  of  some  plants  have  largB  I 
rooUcips  composed  of  flnn-wallcd  cells.  ThisI 
is  well  shown  iu  Pandanus,  where  the  cap  coii-4 
sists  of  many  layers  of  cutinized  cells.  The  I 
cap  in  all  cases  exfoliates  on  its  exterior,  and  J 
is  as  constantly  renewed  by  the  cells  within.  . 
Nearly  all  of  its  cells  contain  starch-granule*  I 
iu  abundance, 

324.    T lie  peripheral  tissue  in  the  rootlet  doefl  1 
not  always  have  the  same  origin  ;  it  may  in  8om&| 
cases  be  regarded  as  true  e|>idenni8,  in  others  a 
the  outermost  portion  of  the  cortical  parenchyma.      In  the  rastif 
lu^ority  of  cases  this  young  sui^erficial  tissue  is  furnished  v 
root-ltairs ;  it  is  therefore  licBignated  the  piliferous  lajer.' 

325.    The  plllferoas  layer  has  no  intercellular  spaces  (a  1 
cases  of  aerial  roots  of  Orehids  excepted).    The  liati-s  are  con- 
fined to  a  narrow  zone  a  short  distance  behind  the  tip,  although 
in  Triglochin  they  have  been   found  on  the  edges  of  the  cap, 
and  in  Philodendron  very  near  its  edge.     When  fiist  formed 
they  have  delicat«  transparent  walla,  and  are  Blled  with  pro-  J 
toplaam.     By  the  advance  of  the  growing-point  and  wit^  tha  J 
formation  of  new  hairs,  the  older  become  less  active,  their  walls  I 
thicltcn  and  turn  brown,  their  contents  disappear,  and  they  fall  1 
off,  generally  leaving  a  nearly  glabrous  surface. 

32G,   The  hairs  are  generally  simple,  but  in  the  adventitious  A 
roots  of  some  Bromeliacca;  *  compound  hairs  arc  also  found. 

Branched  hairs  arc  seen  on  the  roots  of  Saxifraga  sarmentosa,  ] 
Brnssica  Napus,  etc. 


L 


I  Olivi(;r<ADn.  desSc.  nat.,  ijr.  6,  UiDiDii,,  1S81,  p.  19),  according  tan-hma  J 
it  U  ocvtr  homologous  titli  the  epiJenuis  of  tlie  BtBin  {p.  28J, 

)  .lorgFDsen.  ItotAuuk  Tidsskiilt,  IS7S,  p.  114. 

Tio.  M,    Seertllng  of  Slnsplt  sllii.  iboiring  roiil-li«lr». 

Fii).  M.  Seedling  ol  ■ame,  ihowlng  tLe  manner  la  which  Am  pattlelw  of  nar tb  ding  I 
In  Uiu  rooUhain.    (SbcIii.) 


9 
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ROOT-HAIBS. 

927.    Root-haira  arc  best  obtained  for  study  by  cnltivating  I 
seedlings  on  moist  glusa,  or  wilU  liie  rootlets  in  water.     It  is  well  | 
to  compare  the  Toims  tliua  obtained  with  those  found  on  roots  o 
the  same  plant  grown  in  loam,  saud,  fine  clay,  etc.     Masters  has  ' 
ehown  that    the   develop- 
tncnt  of  llie   hairs  is  fa- 
Yored  by  many  conditions, 
such   as    porosity   of   tlie 
ioil,  moisture,  etc. ;    and 
this  fact  should  be  borne 
in  mind  in  the  esamiua- 
tioo   of  the  root-haira  of 
any  plant. 

328.  The  walls  of  root- 
hairs  are  only  slightly  cu- 
tinized,  but  there  is  a  great 
difference  in  this  respect 
in  different  plants. 

329.  The  cells  of  the 
anpcrficial  layer  of  the 
rootlet,  other  than  those 
with  hairs,  are  more  or 
less  cutiuized,  the  degree 
of  infiltratton  depending 
npon  their  age.     In  some  *^ 

cases  (e.  ff.,  Asphodelus)  the  thickening  is  vcrj-  considerable. 

330.  On  a  few  plants'  no  root-hairs  have  been  detected,  as 
Crocus  sativtis,  Cicuta  virosa,  Abies  pectinata  and  many  other 
gymnoBperms. 

231.  Boots  of  orchids.  The  newer  parts  of  the  aei^al  roots 
of  Orchids  have  an  epidcrmi.s  consisting  of  nearly  spherical 
trach^ds,  which,  ex<-i>pt  sometimes  in  the  outermost  la3~ers,  co- 
here without  intercellular  spaces.  The  walls  of  these  cells  are 
colorless,  though  in  mass  they  may  have  a  silvery  lustre,  and 
when  immersed  in  water  they  soon  become  sufflciently  trans- 
parent to  permit  the  subjacent  green  tissue  to  be  seen.* 

>  Duduutre  (l^yTnents  de  Botaniijne.  1SA7.  p.  214)  cites  other  [lUnts. 

Sfe  also  a  vujiiable  paper  b;  Scti«'sns  iu  Untersuchungen  bub  iem  bot. 
InaL,  TUliingeo,  1S82. 

•  Aiwordinji  to  Leitgeb,  Ui»  oH  roots  of  Vsniln  furva  are  green  boeauBe  Iheir 
ttwheids  fonlain  minute  AIrib  (De  BRry,  Vergl.  Anst.,  p.  238). 

riB.m.  BiKiI.bjitr>il!iH(irti>lbj'eontMi  wlih  theioll,  Foarin  therlibt-hsmlnnpei 
•omer.  Silnfrtnella;  thrw  In  Lower  enmer,  THfoUum  ;  Ihe  othen,  Aybiih.  TItb  ilnrk 
"  '      '     "  a,  mlDDte  prolongation*  of  tbe  c«U- 
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832.  Sometimes  there  are  papillar  outgrowths  IVom  these  tra- 
che!ds,  wliicli  are  to  be  regarded  as  root-haira.  They  occur 
chiefly  on  younger  parts  of  the  roots  which  are  in  contact  wKh 
a  moist  support,  or  which  are  kept  wet.  They  cling  tenaciouely 
to  moist  surfaces,  and  may  become  much  widened  and  flattened.^ 

333.  The  cortex  of  difTerent  plants  varies  greatly  in  thickness 
and  compactness,  and  in  the  thickness  of  the  cell-walls.     In 


a  few  eases  remarkable  lacuna;  are  to  be  eccn  (e.  g.,  Itleny- 
anthcs). 

334,  The  cells  bounding  the  inner  layer  of  the  cortex  have  the 
general  chamctera  described  under  "  Endodcrmis;"  their  radial 
walls  arc  generally  more  or  less  plicate,  and  tlierc  arc  no  inter- 
cellular spaces. 

335.  In  the  primarj'  cortex  of  roots  all  the  various  kinds 
of  secreting  cells  and  receptacles  for  exudations  deseriljcd  on 
p.  07  may  be  looked  for ;  but  as  a  nile  they  are  less  developed 
than  in  the  stem.  Collenchyma  occurs  sometimes  in  roots; 
e.  ff.,  llaphidophora, 

33C.    The  central  cjUnder  has,  at  first,  a  peripheral  layer  of 

1  Ijfitgeb  :  Die  Lnftwuneln  der  Orchldeea,  Wiea  Ak&d.  Denkacbr.,  niv., 
1SS5,  i>.  178. 


THE  CENTRAL   CYLINDEE. 

tliin  wnllcd    cells 

ID     cluso       llltlol) 

with  the  eodudei 

mis      ftt   cirtBin 

{Minte  on  this  lii 

er  the  vooilj  ami 

tUo     hbcr    fiai  i 

des    appear    tiic 

latt«r  alUinnlii>„ 

with    the    fornici 

tbrgiigbout       tlit 

urtlt      and     Hit. 

spaces      Itetweeii 

thorn  being  fillid 

with  parentis  nja 
357    Tlie  num 

ber  or  fil)ro-\as 

cutar  bimdlcs   in 

the  ceatral  cjlin- 

dDr  varieB  accord**! 
ing  to  the  class  of 
plants,  and  iu  the 
Bame  plant  accord- 
ing to  the  age  and 
size  of  the  root. 
There  are  generally 
two  in  Cruciferre, 
(jflen  three  in  Ei-- 
viim  Lons,  four  in 
I!icinu9,fiveuiVicia 
I'aba,  six  in  Aliiua, 
and  eight  in  Kagiis  ; 
but  tbcae  numttcra 
arc  by  no  meana 
constant. 

23S.  The  woody 

port  of  the  bundle 

03  may     become     re- 

Tm,  n.  TniwTerac  wctlon  of  Hie  eenlnl  cj'llndcr  nr  it  n»t  Af  a  Tnimncncylalan  (Coln- 
ei^  an(lqnaruni) :  r,  Inicrnnl  liiypr  or  tbe  propar  oorlci;  p.  cndodertnlii:  m,  pcrlpbertl 
Itgm  ef  Ol  cylliidari  I.  lllxr  ruckla;  r.  wouil;  tUdvlaf  c,  coaJussctSn  pHTenclirma 
(jitta  and  mcdnllmrr  nji).    (Vnn  Tleshcm.) 

FM.  n.  TrnitTerw  hMIoh  of  Uii  ecntnl  ejOmitT  of  ■  nmt  of  b  cUcotjIefInn  (Ansnlhs 
rtnnialil :  f^liitomat  layei  at  ttio  proper  cortex;  p,  endodtrmLn;  in,  pertpbetqllATor 
tf  Mw  Dfllmler;  /,  Hbur  fuelalss;  r,  vood^  bKicto)  ;,  oanJoDcUia  paraacbjiiu  lidch 
■Dd  DMdallu}  rajt).    (Van  llegtaun.) 
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duced  to  a  single  duct,  as  in  some  CariceB,  or  there  m&y  be  a 
lai^  duct  surrounded  by  Bmaller  ones  with  or  without  inter- 
vening cells,  or  many  large  and  email  ducta  rarionsly  conjoined. 
Moreover,  there  are  all  degrees  of  compactness  in  the  union  of 
the  ditfereot  bundles  of  woody  tissue  witli  each  other. 

839.  The  cribrose  port  of  the  bundle  may  be  reduced  to  a 
single  cribrose  tube  (e.  ^.,  Anacharis),  or  two  or  three  (e.  g.,  Pon- 
tederia) ;  but  usually  there  are  many,  which  may  be  variously 
disi>osed. 

340.  Baat-Sbres  may  be  associated  with  the  cribrosc-cclls  in 
the  primar}'  structure  of  tbe  root,  and  they  may  be  scattered  (and 
occasionally  with  some  sclerotic  parenchyma)  in  tbe  cortex.  In 
FhilotleDdron  these  scattered  groups  of  bast-fibres  fVequently 
contain  oleo-resin  canals. 


Secoitdabt  Stkuctdbb. 

341.  The  older  parts  of  roots,  even  the  recently  formed  por- 
tions lying  just  back  of  the  root-hairs,  may  undergo  changes 
either  by  the  alteration 
of  their  existing  tissue 
elements  or  by  the  in- 
troduction of  new  ele- 
ments. Some  roots, 
however,  do  not  suffer 
much  change  from  fli-st 
to  last.  Their  cells  may 
become  more  strongly 
cutinizcd  or  lignified 
OS  the  case  may  be, 
but  no  new  elements 
are  brought  in.  This 
is  true  of  the  roots  of 
many  monocotyledons, 
but  in  dicotyledons  the 
secondary  changes  are 
generally  very  marked. 
Tbe  changes  may  af- 
"^  feet  either  tbe  cortex  or 

the  central  cylinder ;  in  some  cases  the  former  more  than  the 
latter. 

Tio.ta.  Secltnntlirough  tbocentmlcTllndFrntdhlnary motor aFBKiilOTCTyptognm 
(Cvnthea in«lu11aiie):  e,  IniertiHl  laytr  of  the  proper  cortex;  p,  mdodennla;  n,  pe- 
rlplieral  UyercittbecTlliiel«r;  I,  llbor  flvr1;:lei;  r,  wooilT  bsddai  e,  coiO'iicUto  paren- 
etiymauiithukd  medullary  raya).    <Vui  Tle(hem.} 
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342.   In  Ibc  cortex,  according  to  01i^^e^,'  tbc  sccondaiy  tiasucs 
are  either  parencliyniatous  or  Buberous  (corky).     The  secondary 
pareDchyuia   of  the   inlegumenl  pi-oceeds  from  tlie   periplieral 
layer  of  the  central  cylinder.      The  §iiberous   tissue  in  gym-     ' 
tiospcrms  and  in  dicotjtedons  with  caducous  primary  cortex  ia    I 
derived  from  the  pericambial  layer;   it  is  coni|>osed  of  tabular    1 
cella  with  very  short  radial  walls,  and  begins  to  form  outside    j 
of  tlie  primary  liber.     In  the  case  of  woody  dicotyledons  with    | 
lalc-formed  secondary  vessels,  and  in  monocotyledons,  it  is  pro-    ] 
duccd  in  the  external  zone  of  the  eoilical  parenchyma,  and  is 
composed  of  cubical  cells. 

8i3.   In  a  given  a|jccie8  the  level  of  the  root  wliere  cork  ap- 
pears depends  on  the  transverse  diameter  of  the  root,  and  also     . 
on  the  surroundings ;  in  roots  of  the  same  size  the  eork  gen-    I 
emlly  npiicars  earlier,  and  is  more  abundant  in  aerial  than  in    I 
earth  roots. 

The  cortical  parenoliyma  is  renewed  by  layers  of  cells  just  out- 
side of  the  sheath  of  the  central  cylinder,  and  ils  development  ia 
wholly  centrifugjit.  I 

844.  Tho  central  cylinder  undergoes  its  most  remarkable  1 
changes  as  tlic  root  grows  older,  in  the  group  of  dicoljledons.  I 
There  is  very  little  change,  if  any,  in  monocotyledons,  but  in  a  I 
few  of  the  latter  some  of  the  secondary  changes  now  to  be  do  I 
scribed  can  be  ollsc^^■cd  (e.  ff.,  DraLtena).  ] 

S-15.  In  dicolylwlons,  including  gjinnosperms,  the  thin-walled  | 
cells  of  the  central  cjlinder  are  in  contact  with  the  inner  face  of  I 
the  endodermis,  and  are  known  collectively  as  the  pericimbium. 
Touching  this  perieambium  like  the  two  ends  of  a  bow,  there 
runs  a  mass  of  delicate  cells  behind  each  liber  bundle.  At  the 
point  where  these  1k>ws  touch  the  inner  face  of  the  liber  bundle 
a  gronp  of  cells  divides  tangentially,  forming  a  cambium  layer, 
which  soon  gives  rise  within  to  new  wotxly  elements  (often 
couleseent  with  those  of  llie  primary  woody  bundles),  and  on  the 
outside  to  new  lilier  elements.  These  new  productions  are 
called  secondary  wooif  and  liber. 

81G.  In  some  cases  —  for  instance  Finns  —  the  cells  of  the 
perieambium  outside  of  the  primary  woody  bundles  produce  new 
wood  and  new  liber.  The  wood  is  in  contact  with  the  primary 
wood,  while  the  liber  may  serve  to  coimect  the  bundles  of 
primary  liber,  thus  bringing  about  a  union  more  or  less  co 
pleto  between  similar  elements.     From   these  secondary  pro- 
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ductiooB  come,  of  course,  the  apparently  unbroken  rings  of  libor 
and  the  solid  masses  of  wood  in  old  roots.  If  tUis  development 
of  new  wood  and 
liber  in  a  perennial 
dicotyledonous 
plant  proceeds 
uninterruptedly, 
there  will  exist  at 
the  end  of  the  first 
year  secondary  ele- 
ments in  large 
amouDt.  After  a 
period  of  rest,  a 
perennial  root  re- 
sumes growth  at 
the  points  wlicre  it 
was  suspended,  and 
the  formation  of 
**  new   cork,    cortex, 

liber,  and  wood  goes  on  as  before,  until  it  receives  further 
checks.  Owing  to  conditions  to  be  explained  later,  the  charac- 
ter  of  the  woody  elements  is 
iiot  the  same  at  the  begin- 
ning and  end  of  an  active 
period  ;  hence  there  is  gen- 
erally a  clearly  defined  out- 
line bounding  the  product  of 
growth  of  successive  years. 

347.  More  or  less  of  the 
parenchyma  of  the  ori^al 
cylinder  may  remain  in  the 
form  of  radial  lines  or  of 
bands  (me<1ullary  rays), 
some  of  the  same  sort  of 
tissue  may  ha  subsequently 
produced  from  ucw  points  of  w 

activity,  and  hence  long  and  short  radii  will  be  met  with. 

Fto.  M.  Section  Ihrnntili  Die  contnil  c;  llndir  of  ■  blnkrjr  root  of  ft  dlnit;1«<1on  (BcIb 
vnlEaii*):  f,  tnt«ninl  Isj^rnllbs  proper  cnrtex ;  p,  eniloderiDls;  in,  peripheral  Isrerot 
an  oyUniler;  J,  liber  fvuHckii :  r,  woul;  rkKkle;  e,  conJniicUTe  puntchyDiaOiICh  and 
moJuUary  royn.)    O'lu  Tkghem.l 

Fin.  as.  Soctlon  tbrough  tbe  nntnl  crllniler  of  a,  bintrr  root  of  ■  monocotTlfcIon 
(Allium  Cepth  «,  IntemallSfer  of  Ibe  proper  cortex;  p.eDilDilcnDlBi  m.  peripheral  layer 
of  the  oyllnier:  I,  liber  faKlrin^  r.  wood;  tttfdcle;  s,  nuOauctlre  parenchyma  (plUi 
snd  madullaij  n]ri).   (VaD  Ti^bem.) 
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1  distinction  of  texture  laarking  the  peiioila  of  rest 
is  not  clear  in  the  liber,  tbougL  oven  Lere  it  may  soroelitues  bo 
dutcc-ted.  Ttie  curk  of  tlie  root  frequently  exbibits  sucli  dis~ 
tiDutioD,  but  never  so  elearly  as  does  tbe  cork  of  stems. 

349,  It  is  a  familiar  fact,  that  the  ficsby  roots  of  many  iilants — 
beets,  and  the  like — exLtbit  iu  the  first  year  from  seed  uonceotric 
rings,  which  resemble  those  found  in  pcreunials.  This  appear- 
ance is  duo,  accoriliug  to  do  Bary,^  to  the  fact  that  at  an  early 
stage  of  development  (when  the  root  is  only  about  half  a  milli- 
meter thick)  a  new  cambium  zone  is  formed  iu  the  parenchyma 
on  th(?  outer  part  of  the  central  cylinder,  and  this  divides  tan- 
gentially,  extending  therefore  in  a  radial  direction,  pi-oduclng 
woody  and  litjcr  elements,  and  at  the  same  time  divides  latemlly, 
so  that  the  whole  constitutes  a  zone  hardly  broken  by  the  rays. 
Soon  a  second  zone  is  produced  in  like  manner,  and  afterwards 
others.  In  all  these  coses  the  elements  are  usually  not  much 
ligniSed,  but  tbe  whole  mass  remains  succulent. 

It  happens  sometimes  that  tertiary  formations  are  produced  in 
the  root,  bearing  somewhat  the  same  relation  to  the  secondary 
as  these  do  to  the  primary.  Even  formations  of  higher  order 
are  sometimes  met  with.  But  the  elements  of  all  of  these  are 
easily  identified,  and  their  mutual  relations  can  generally  be  so 
clearly  understood  that  they  do  not  need  special  descnptioa. 
Tbo  following  enumeration  embraces  the  most  important  of  tlieae 
formations:  teiliary  cork  and  oort«x  ;  fibro-vascular  bundles  in 
secondary  cortex ;  tertiary  lil>er  and  wooti  in  secondary  wood. 
Such  anomalies  are  more  frequent  in  the  stcni. 

3oO.  Roots  branch  by  the  development  of  certain  eclls  at  the 
peripheral  layer  of  the  central  eyliuilcr,  and  just  In  fiont  of  the 
woody  fascicles.^ 

The  root  branches  only  laterally  in  flowering  plants;  in  the 
Lyoopodiaceic  tliere  a[)pears  to  be  terminal  bifurcation,  and  here 
each  branch  shai-cs  with  its  fellow  tbe  tissue  elemcuu  of  tbe  root 
from  which  they  both  come. 


'  Vcf^lcichende  Anatomir,  p.  (116. 

*  TUreo  types  of  brancliing  ore  <ifscrib«i  by  JancifwskL  :  1.  The  mothcr- 
c«U>  oT  this  byer  (the  «>-call«l  KliizoRpuio  cells)  most  frequeotly  give  rise 
to  all  the  tissues  of  tlie  rootlet  !.  They  produce  only  the  central  cylinder 
and  oirtcx,  but  not  tbe  root-cap  and  piliferoua  layer,  thcae  being  fuminhod  by 
tbe  mdoHcrmis  of  the  root.  3.  Thej  produce  only  the  centrKl  ryliniter,  tbe 
other  tissues  I'oming  from  the  endodennii  or  from  the  Inyprs  immiHlintely  out- 
■idf  of  it.  Tho  subsiM^ueiit  growlh  of  the  rootlet  both  in  length  sud  Ihickneas 
is  Ilka  that  of  the  ruot 
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351.  Parosltio  roots,'  or  those  which  f:istcn  themselves  1 
nourishment  on  other  plants,  are  so  mueh  modified  by  the  peciil-1 
iar  conditions  under  which  thcj  live,  that  they  require  specialJ 
mention.  Their  structure  can  be  best  understood  by  a  section  | 
tbroiigU  the  root  of  Cuscuta. 

Here  there  is  no  central  cylinder,  properlj'  so  called,  m 
there  anjlliiiig  atisweriug  to  the  root-cap.    The  cortex  is rcgaitledl 
as     reduced  1 


mate  contact 
with  the  tis- 
sues of  the 
host  upon 
which  it  has  | 
fastened. 

"  thecenhoofl 

this  fascicle  of  hairs  some   of  the   elements   are  tracheid-lilco'J 
cells,  which  arc  iu  contact  with  ducts. 

852.   The  roots  of  many  plants  have  distinctive  colors :  ii 
some  the  color  belongs  to  tlie  wood  (see  402)  ;  in  others  it  i 
duo  to  the  cell-sap ;  in  others,  for  instance,  Uie  common  caiTot,'| 
to    orange-colored   crystalline    bodies.      The   crystalline    I 
found  in  the  parenehjnia  of  llie  roots  of  the  carrot  are  m 
rhomlts,  or  sometimes  rectangular  plates  to  which  starch-pnin-  ' 
ulcs  are  attached     They  are  associated  with  small  quantities 
of  protoplasmic  matter.     {See  Chapter  IV.,  for  an  account  of   | 
somcn'hnt  similar  bodies  occurring  in  flowers  and  fmita.) 
353.  The  roots  of  the  klghflr  Cryptograms  (such  as  Ferns  and 

'  An  exlmastiye  paper  on  this  suhjecl  will  be  found  in  PrJngshcirii's  JalirK, 
J807:  Tober  den  Bail  nnd  die  EntwicklunBikrEmiihrnngsorganeportaitinclier 
PhnnaroK^mpn,  von  Hermiinii  Orafcn  tu  Solms-LaubMh.  Koch's  paper  ia  in 
Hanatein's  botan,  Abhandlnngen,  vol.  ii.,  laTfl. 
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tlieir  allies)  do  not  ditfer  essentially  from  those  of  PhicnogamB ; 
in  moat  cases,  however,  the  t«rmtnul  growth,  except  in  the  order 
LvcopodiaceiE,  is  from  a  single  apical  cell  instead  of  a  gionp  of 
cells.  The  apical  cell  produces  not  only  the  tissue  of  llic  body 
of  the  root  as  it  extends  in  length,  but  gives  rise  also  to  the 
superficial  cells  at  the  extremity  which  constitute  the  root-cap. 
Lateral  routs  start  from  the  interior  layer  of  tlic  cortical  paren- 
uliyma,  and  not  fVora  Ihe  pericambium  (see  345). 

3o4.  The  flbro-vascular  bundles  ore  concentric  (see  313),  aa 
intlecd  they  are  in  the 
stems  of  most  of  ihese 
phints;  that  is.  the  bast 
part  surrounds  tlie  wood 
part,  as  if  with  a  sheath, 
even  where  the  latter  part 
is  rndiineutary.  There  ia 
a  tendency  in  tlie  root,  less 
marked  than  in  thu  stem, 
to  the  production  of  scle- 
rotic cells  of  a  dark  color. 

The  roots  of  the  higher 
cryptogams  do  not  mati-ri- 
nlly  increase  in  thickness 
atter  they  are  first  formed. 

B-)^t-  Proper  roots  are 
not  found  in  MuBcinefe  (the 
mosses  and  liepaties)  ;  the 
absorbing  oi^ans  here  are 
more  strictlj'  root- hairs, 
Tlieae  arise  as  papilla;  fmtn 
the  outer  cells,  and  speedily 
develop  into  tubular  and 
frequently  complex  bodies. 
TUey  often  become 
branched  in  a  remarkable 
manner,  twisting  and  coil- 
ing around  one  nnothcr  like  the  fibres  in  a  thread.  They,  as 
well  aa  the  somewhat  simpler  organs  of  tlie  same  nature,  found 
in  the  Thallophylea  (such  as  Algie,  and  the  like),  are  termed 
JtAizoitli. 
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Neither  in  Muscinese  nor  Thallophjtes  are  fibro- vascular  bun- 
dles found,  although  in  the  former  the  arrangement  of  elongated 
cells  sometimes  resembles  that  of  the  constituents  of  a  simple 
fascicle.  The  root-like  bodies  by  ^hich  large  sea- weeds  cling 
to  their  supports  are  hold-fasts^  rather  than  true  roots ;  the 
whole  surface  of  the  plant  being  bathed  in  water,  all  parts  can 
probably  absorb  equally  well. 

THE  STEM. 

356.  That  part  of  the  axis  of  the  embr}'o  which  is  below 
the  cotyledons  is  known  as  the  radicle.  It  is  more  properly' 
termed  caulicle  (that  is,  stemlet),  for  its  mode  of  growth  is 
not  like  that  of  the  root,  but  like  that  of  the  stem  above  the 
cotyledons.  The  name  radicle  should  be  restricted  to  that 
which  is  the  beginning  of  the  root,  nameh',  the  free  end  of  the 
caulicle.  The  caulicle  is  termed  also  the  hjpocotyledonary  stem, 
or  h^'pocotyl ;  while  for  the  axis  which  is  developed  above  the 
cotyledons,  that  is,  from  the  plumule,  the  name  epicotyledonary 
stem  may  be  used.  A  large  hjpocot^'l,  which  has  begun  to 
germinate,  displays  the  structure  of  the  stem  to  good  advantage  ; 
but  the  initial  cells  and  the  nascent  tissues  of  the  stem  must  be 
sought  at  an  earlier  stage,  for  instance,  in  the  plumule  of  a  well- 
formed  embryo,  as  that  of  Phaseolus  or  Faba.  A  vertical  section 
through  the  plumule,  made  transparent  by  a  clearing  agent  (see 
24),  shows  that  the  cells  have  much  the  same  arrangement  as  in 
the  root-tip,  except  that  no  protective  cap  is  present. 

357.  The  outer  layer  has  divisions  only  at  right  angles  to  the 
surface ;  it  is  continuous  with  the  epidermis  further  back,  and 
is  easily  recognizable  as  nascent  epidermis  (Dermatogen).  En- 
closed by  this  are  laj-ers  which  form  an  arch,  the  nascent  cortex 
(Periblem).  This  encloses  a  mass  of  tissue  from  which  the  fas- 
cicular system  is  derived  (Plerom).  These  tissues  are  essen- 
tially the  same  in  character  and  development  as  the  corresponding 
nascent  tissues  of  the  root. 

358.  As  the  tissue  elements  develop  from  these  nascent  tis- 
sues, the  stem  is  produced ;  its  structure  is,  however,  generally 
complicated  by  the  early  formation  of  lateral  appendages,  —  leaves 
in  some  of  their  modifications.  Moreover,  the  tissues  of  the 
stem  are  continuous  with  the  tissues  of  the  leaves,  and  it  is  there- 
fore nccessar}'  to  take  into  account  the  mutual  relations  of  these 
two  organs.  The  problem  becomes  still  further  complicated,  in 
a  large  number  of  cases,  bj'  the  production  of  branches  of  some 
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kind,  tlie  Ussuos  of  whit-li  are  of  course  intimately  imited  with 
those  of  the  miun  asis  from  which  they  are  (jiveii  oti'.' 

Frimabt  SrnfCTURE. 

359.  Ill  tlie  stem,  or  ascending  axis,  the  distribution  of  tissue 
eioments  is  similar  to  that  in  the  descending  axis,  —  the  root. 
There  is  a  more  or  less  transient  epidermis,  a  cortical  substra- 
tuiD,  and  a  central  cjlinder  of  some  kind. 

3G0.  The  «|>ldemiU  of  stems  pi-esenta  few  peculiarities  of 
strueturc  bcj'ond  those  already  described  in  Chapter  II.  la 
moat  herbaceous  plants  it  persists  with  little  change,  except  in 
the  matter  of  trichomes,  tlirotty;hoat  the  life  of  the  plant ;  but 
in  most  ligneous  plants  it  is  replaced,  often  early,  by  other  pro- 
tective tissues.  Persistent  epidermis  is  found  in  many  woody 
and  haif-woody  plants ;  for  instance,  Russeiia  juncca,  Le^'ces- 
tcria  ftirmosa,  and  Ptcica  trifoliata. 

In  ralins'  "  the  epidcrtais  exists  in  old  age  onl}'  in  the  cane- 
like and  calamoid  stems  ;  in  the  rest  it  is  more  or  less  destroyed 
by  the  aetion  of  the  weather.  In  Calamus  it  consists  of  a  simple 
layer  of  minute  cells  elongated  in  the  direction  from  without 
inward,  and  forms  a  atony,  brittle,  shining  layer." 

3(il.  The  prlnuuT'  cortex*  consists  essentially  of  parenchyma 
in  which  isolated  cells  of  a  peculiar  character  may  often  be  found, 
aach,  for  instance,  as  crystal  cells,  laticiferous  cells,  tannin  cells, 
and  tUe  like  (see  29*2) ;  and  its  intercellular  spaces  sometimea 
Bcn'o  OS  receptacles  for  the  various  exudations.  The  paren- 
cbjina  cells  generally  contain  more  or  less  chlorophyll,  and  some 

Slji.  Immediately  beneath  tho  epidermis,  and  not  easily  dis- 
tingiiisl]c<l  from  multiple  epidermis,  is  a  jwrtion  of  the  cortex 
known  as  Uypoderma.*    It  is  rarely  sclerotic  parenchyma,  more 

>  lu  the  i>]amule  aad  other  buds  all  these  pHrlH  exist  patcnlinllj  ;  mdiI  Ihs 
•dinence  of  their  Jd'elojimeiit  cin  be  suceesifnlly  followed  out  by  tho  pin|iloy- 
niaiit  of  senta  la  diScreDt  sLigos  of  genniuation,  ur  buiU  coUccled  on  euccm- 
■ive  ilays  in  spring  and  preserved  at  once  iu  dIcdIioI.  In  alt  cam  care  must 
ba  tabcu  to  have  the  date  of  collcctioa  of  «ifh  spcdnien  recorded  in  inch  m 
nwiiiin'  that  no  oanrusimi  can  arteriranl!!  arise. 

*  Mohl :  Ray  Society,  Itetxirti  and  Papcn  in  Botany.  Tho  Pohn-stcm, 
Htnfrpy's  TransUtion,  1S19,  p.  14. 

■  Tcique  [in  Ann,  des  Sc  nat.,  s^.  6,  tome  iL,  1S7S,  p.  S3)  gives  a  very  fall 
tTMtRient  of  the  subject. 

♦  Tho  word  Hj-poderma  was  introdncsd  bj  Krans  (Pringsheim'a  Jahrb., 
lS65-flS,  p.  3!1),  to  deaignnto  tlio  Inyor  of  colorless  cells  under  the  epidemiis 
of  leaves,  "das  Anologon  des  RindeDcolleQuhyms."  It  has  since  been  ex- 
teailnd  to  apply  to  the  ezCemoI  cortez  juat  under  the  spidarmia  of  stems. 
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frequently  it  is  coUeneh^ina.  Excellent  illustrations  of  the 
latter  kind  of  hypoderma  are  furnished  bj'  most  MalvaeejB  and 
Labiatse. 

363.  Schleiden  ^  distinguished  four  types  of  external  cortical 
layers  in  dicotyledonous  stems:  1.  That  existing  as  a  perfectly 
closed  la^er  (penetrated  in  some  cases  only  by  small  canals 
opening  into  stomata)  ;  as  in  most  of  the  Cactacse,  Rosa,  Begonia, 
etc.  2.  That  divided  into  many  bundles,  so  that  the  green  cor- 
tical parench^'ma  reaches  the  epidermis  ;  e,  g,^  in  Malvacese,  Sola- 
naccffi,  etc.  3.  That  which  may  be  quite  distinctly  recognized 
as  a  special  layer,  but  still  grading  into  parenchyma  at  the 
borders ;  e.  ^.,  in  Pyrus  Malus,  Hedera,  Ficus,  etc.  4.  That 
more  completely  merging  into  cortical  parenchyma,  and  therefore 
less  distinct;  €.  </.,  in  Populus,  Salix,  Sambucus,  etc.  There  are 
some  plants  in  which  it  is  not  distinguishable ;  €.  ^.,  in  Cheiran- 
thus,  Mesembrj'anthemum,  etc. 

In  Papaver  and  species  of  Thalictrum  the  cells  of  the  cortex 
next  to  the  epidermis  have  thin  walls,  while  the  zone  next  to  the 
central  cylinder  may  be  sclerotic. 

The  inner  boundaiy  of  the  cortex  of  the  stem  is,  as  in  the 
root,  the  endodermis.  The  thin-walled  cells  just  within  it  form 
the  peripheral  layer  of  the  central  cylinder,  or  shaft. 

364.  Variations  in  the  cortex  consist  chie%  in  one  of  the 
following  modifications:  1.  Increase  of  its  layers,  sometimes 
to  an  extraordinary  extent,  and  often  accompanied,  especially 
in  water-plants,  by  the  formation  of  large  air-bearing  intercellular 
spaces.  The  student  should  examine  the  peculiar  structure  of 
the  cortex  at  the  nodes,  in  these  cases  of  spongy  cortex.  2.  It 
has  been  previously  shown  (215)  that  collenchyma  is  a  common 
modification  of  cortical  parench^'ma.  A  variation  in  structure 
reaching  the  same  end  as  collenchyma,  namel}',  strengthening 
the  stem,  is  found  in  a  great  number  of  plants ;  the  cortical 
parenchyma,  especiall}'  at  the  outer  part,  becoming  conspicuously 
sclerotic,  and  the  tissue  very  compact.  3.  Fibres  may  occur  in 
the  cortex,  either  isolated  or  in  small  fascicles. 

365.  The  primarj  flbro-Tascolar  bandies  of  the  stem  arc  de- 
veloped at  definite  points  in  the  peripheral  la3'er  of  the  central 
c^iinder.  Their  structural  elements,  wood  and  liber,  vary  as 
regards  their  relative  amount,  even  in  the  same  plant.  A  given 
bundle  ma}'  and  generall}*  does  change  much  during  its  course, 
interlacing  here  and  there  with  other  bundles,  and  giving  oiF 
branches  at  different  points. 

1  Priuciples  of  Scientific  Botany,  p.  240. 
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TVhen  corresponding  bnndles  of  plants  ot  different  gronps  are 
compared  togelLer,  some  divcrailies  aa  regards  the  arrangement 
or  the  wood  and  liber  oIcmeDts  are  exhibited :  but  most  of  tbe 
cases  can  be  referred  witliout  diflk'ulty  to  the  class  of 

3G6.  Collateral  butvUet  (see  313)  of  tbe  onlinary  type; 
name)}-,  tliose  having  liber  on  the  external  aspect  and  wood  on 
the  internal  aspect.  In  some  eases,  liowever,  tUia  order  may  be 
ex  aelly  reversed ;  e.g.,  in  tlie  cortical  fascicles  of  CaljoantliaceiP. 
The  wood-elements  in  collateral  bundles  are  generally'  arranged 
in  radial  aeries ;  the  inner  ducte  or  tbeir  eqnivalontfl  (tracLelds) 
being  more  slender  and  having  more  closely  coiled  spiral  mark- 
ings than  those  nearer  the  periphery  of  the  bundle.  The  radial 
series  may  be  in  clitao  contact,  separated  by  very  thin  plates 
of  parenchyma,  or 
may  have  a  large 
amount  of  this  tis- 
sue between  them. 
In  dicotyledons,  as 
a  nde,  the  duets 
at  any  given  dis- 
tance from  the  cen- 
tre of  the  stem  have 
a  notieeablc  uul- 
fonnity,  so  that  a 
crosB-acetiun  of 

tbe  primary  tissue 
shows  a  number  of 
concentric  circles  of 
diicta  of  tiio  some 
size.  Sometimes, 
however,  the  ducta 
in  a  radial  aeries 
may  be  reduced  to  »* 

one.  In  stems  of  monocotyledons  there  is  less  regularity  in  the 
arrangement  of  the  wood-elements,  but  there  is  a  substantial 
likeness  in  their  structure  in  ony  group.  They  are  generally  in 
the  form  of  a  blunt  wedge,  the  apex  towards  the  centre  of  the 
stem,  the  space  between  the  inclined  sides  of  the  wedge  being 
mostly  occupied  hy  small  duets,  wood-cells,  and  fibres. 

in  of  a  oolkleral  flbro-vucnlarbunille  nrthu  iiiinii  «r  tmllui 
rrnfJiyma ;  Hiouler  (am  i,  iiioiir  face  of  Ilia  clnwul  Bbrii>iru«- 
»of  ■lylerapnrlionlp.u,  two  large  [.Uioc!  iluco ;  j.Bplmllj 

ml  a  phlnCm  portion,  v,  «.    The  wbulo  buaillo  b  lur- 
ik-walled  calla,    ISacli&) 
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367.  The  crihrose  portioD  of  a  collatend  bnntlle  often  baa,  in 
addition  to  true  cribrose-cells,  prismatic,  thin-walled  cells,  known 
as  cambiform  ceHs.' 

368.  According  to  Voehting  *  the  cambirorm  and  cribrose  cells 
appear  in  some  cases  to  have  a  common  mother-cell,  which  di- 
vides obliquely  in  the  direction  of  its  length.     The  cambifonn 


cells  may  divide  by  transverse  partitions,  and  if  the  cells  are 
moderately  large  the  last  divisions  may  be  x>arenchymatouB.  In 
most  m<>nocotyle<lons  and  dicotyledons  the  cribrose-cells  are  much 
lander  thou  the  cambiform  ones,  and  their  cross- sections  are  distin- 
guished by  being  less  sharply  quadrangular.  In  many  succulents 
there  are  also  verj'  small  cells  resembling  undeveloped  CTibrose- 
cells. 

309.  The  crilirosc  and  woody  parts  of  a  collateral  bundle  are 
gencially  distinguishable  from  each  other  by  the  ligniflcd  char- 

'  De  Bary  reserves  for  these  cells  the  lerra  Camhifona,  which  was  used  by 
Niigfli  ill  a  wi<l«r  sense. 

'  Beitrii^  zur  Morpliologie  und  Anntomie  der  Rhipsalideen,  Fringsheim'a 
Jflhrb.,  1874,  p.  327. 

Fia.  09.  TranRvsrsasKtlnnorspiirt  of  thflcant^m1c71IT1l1e^ortheIIlRtnTebyp<Kotr- 
1«1onn^;  portion  of  lh«  stem  of  Ktdiius  cnmmnnia:  r,  psrenchyma  of  Dm  piituary 

Itntinn^  ths  Bbro-Tnwnlsr  bundle  is  mule  upoTche  phlnfm  b,  v,  the  lyleiii  ij.  f,  and  tfaa 
camlilnmc,  c  ch,  InlerfUi-Iculu  cainMum.  In  tlie  phlofm  are  the  bsst-fltirea  b.  h.  tlie 
soft  bast  B, )/ (parity  pa^m^hyma  and  pnttlycrlbrnw-tubai);  In  the  lylem,  small  pitted 
duels  (,(,  wider  pitleid  ducts  ji,  p,  aodbetwetD  (bem  wood-flbret.   (Sachs.] 
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acter  of  the  latter  ancl  tlic  softer  texture  of  the  former.  As  has 
been  Iwfore  noticed  (see  345],  in  dicotyledons  and  gyiiinosi>cnu8 
iu  wliicli  there  ia  annual  increase  in  diameter  there  is  a  lajer 
of  pecnliar  merismatic  tissue  (eaoibium)  between  the  two  parts. 
It  b  generally  easy  to  identify  the  cells  of  this  cambium  layer,  on 
account  of  their  elongated  form  and  intimate  contact  witii  each 


other.  Their  development  gi\L-3  li-L-  i  i  -  lu  m'W  cells  like  them- 
eelvcs,  (2)  to  cribroso  and  (3)  to  woody  dements ;  all  of  which 
«re  to  be  examined  later,  under  "  Secondary  Structure." 

371).  The  sheaths  of  collateral  bundles  may  have  tlie  character 
of  typical  endoilormis  and  envelop  the  single  bundles,  or  may 
consist  of  strands  of  long  fibres  (hard  hast),  which  are  on  one 
Bide  of  the  cribrose  portion,  and  accompany  the  bundle  through 
its  whole  course  in  the  stem.  The  strands  of  fibres  frequently 
encroncli  nijon  the  cribrose  part  of  the  bundle  so  much  as  to  be 
morp  or  less  commingled  with  it  (see  311). 

371.  The  stem  may  sometimcR  have  hicnJlnlerul  bnndles  either 
{ 1 )  with  tlie  woody  |)arl  on  the  interior  a.s  well  as  on  the  exterior 
as|>ect  (e.  g.,  Cucarhitaccfe),  or  (2)  with  an  envelope  of  wood 
BUrrounding  tlic  lil)er ;  this  envelope  is  seen  at  the  extremities  of 
the  bundle,  while  the  rest  of  it  has  the  onltnary  charavter  (Iris). 

372.  The  bundles  of  the  stem  may  bo  concentric  (see  313)  ;  a 

Tta.  W»-  Lmi1'n'11n»l  eMtlmi  nf  ii(H«T»-T«Knl»rl>iinrtl*nrBlrInii»(«h»rTni«jii>rt|nn 
bdOK  *li<>*n  In  Fig.  M):  r.  rnnlnal  lanmchrms :  n'.  Ixinille-almthi  A.  lnal-ni>rea! 
p,  plUnAn-piuvncbynift;  c,  cUDblnin  <IhB  row  nf  «ll>  belircen  e  unil  ;>  rlriTclnp*  nili-r- 
wvilBtntoftcHbroH-tubcl;  In  the  iflrm  fmrtlnii  nf  Ihuhanille  IIwelenienUarHitevel- 
opad  lUNnalvelT  tram  >  U  I',-  a.  die  Snt  ■lenilirBml  1-nic>rlr«1  Ann:  ('.  whlefplnJ 
dncl,  the  fplrkl  biiul  nncolllnn:  f.  <luct,  Uilclmnal  pnrtly  In  h  nciIiiriKinD,  |«nly  It 
ft  retknlitie  nmnner:  k,  k'.h",  k,'".  wool-nllg;  t.  plltol  ilirrt:  i).  sliwtrlieil  m^iukri, 
t',  pttteililDct,  unl;nuTi|[;  In ','.  Nnil  t'lfae  bnnnilikry  llnmiif  llie  ii/l]'>1nln)I  «n*  wlikli 
hsra  b«en  remned  vn  (hown  In  Che  wall  of  ttu  dueta;  «,  parenelijtnia  of  tlie  jilth. 
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ring  of  liber  may  surround  tlie  whole  of  the  woody  portion,  or 
tbe  wood  may  surround  the  liber.  The  former  of  these  arrange- 
ments is  common  in  the  ^'ascular  erj-ptogaras  (see  354J. 

373.  The  pilh  of  the  stem  consists  of  parenchyma  frequently 
intermingled  with  other  struetural  elements  in  small  amount,* 
espeoially  long  fibres,  woo<ly  prosenchyma,  and  latex-cells. 

The  pareuehyma  cells  of  pitli  have  beeu  classified  in  the 
following  manner :  (1)  active  cells,  having  the  office  of  storing 
starch  and  other  assimilated 
products  for  a  time  ;  (2)  erj's- 
tal-cclls,  iu  which  crystals  are 
formed  ;  (3)  inactive  cells, 
which,  haxnng  lost  the  ^xiwer 
of  receiving  starch  or  other 
products,  remain  empty. 

These  apparently  unimpor- 
tant distinctions  have  been 
shown  by  Gris  *  to  be  valuable 
a  tbe  identification  of  consid- 
erable groups  of  plants.  Pith 
composed  of  active  or  inactive 
cells  alone  is  termed  by  him 
"*'  homogeneous ;  tlint  which  con- 

tains more  or  less  of  both  kinds  of  cells,  heterogeneous.  The 
arrangement  of  the  elements  in  heterogeneous  pith  ia  so  nearly 
constant  as  to  have  much  interest  for  the  systcmntisL 

374.  Tbe  medullai-y  rays  comprise  the  conjunctive  parenchy- 
ma, which  lies  between  the  bundles  in  the  stems  of  normal 
dicotyledons.  The  cells  are  for  the  most  part  much  fliittencd 
radiallj',  always  so  in  those  cases  where  the  bundles  arc  closely 
approximatc<1  (see  also  207). 

ST.'}.  The  stem  dei'clops  from  the  bud  Y\y  extension  of  its 
internoilcs.    When  these  have  attained  a  certain  length,  diffci'CDt 

1  Tlie  [leciilisr  stracturcii  founil  OKfnsionnlly  in  tlic  periphery  of  tlie  pith  of 
SnnibiiciiA,  and  snmetinies  in  the  bark,  have  1ieen  mititaken  for  fungi,  but  hnva 
been  shown  by  Oademam  anrl  by  Dippel  to  l>e  receptjii;lea  for  a  very  hetcroge- 
neons  miituro  of  tannin  and  other  niattora  (Verb.  d.  Kat  Verein»  <L  Preusaena, 
Bheinlanile  Und  Westphalenn,  ISW,  p.  1). 

*  A  Jptniled  account  of  the  onlera  of  pknts  examined  by  Oris  will  be  found 
in  NftiiTpUes  archives  du  Museum,  t,  vi.  fasc.  3,  *,  p.  2fil  (9  plates).  An  extract 
froni  tlie  some  is  givGii  in  Ann.  des  Sc.  nat.,  s6r  5,  toma  xiv.,  1S72,  p.  34. 

Fm.  ID).  Clethrs  nlnff^Ua 
Jiving  branch;  each  acMtv  ce 


COURSE   OP  THE  BUNDLES   IN   THE  STEM. 


125 


for  different  atems,  and  depending  often  on  some  external  con- 
ditions, tl:io^v  du  not  further  elongate :  but  those  tissues  of  tlie 
internodcs  by  whic'ii  growth  in  length  has  taken  place  become 
gradually  flnncr,  and  constitute  iwrmancnt  tissue.  It  sometimes 
Imppcns  Uiat  the  nodes  and  internodt's  of  the  stem  are  not  plainly 
distinguishable  A'om  each  other.  This  is  tlie  case  in  most  palms, 
where  tUo  growth  takes  place  from  the  terminal  bud  alone, 

37G.  Even  a  cursoiy  examination  of  the  structure  of  a  stem 
which  has  thus  unfolded  from  a  bud  shows  that  the  number  and 
tbe  distribution  of  the  bundles  have  mudi  to  do  with  the  nnmbor 
and  the  arrangement  of  the  leaves.  Comi>arative  investigations* 
of  large  orders  of  vascular  plants  have  shown  that  the  number 
of  the  bundles  of  the  stem  always  bears  some  relation  to  that  of 
the  leaves  at  a  given  poition  of  the  axis,  and  to  the  arrange- 
ment of  the  leaves,  '-The  more  bundles  in  a  given  leaf,  and 
the  greater  the  number  of  leaves  in  a  cycle  or  whorl,  the  more 
numerous  will  be  the  bundles  in  the  stem  at  that  level.  In 
monocotyledons  with  a  lai^e  crown  of  loaves  these  two  coiidi- 
Uona  are  met  with,  and  iii  these  stems  are  found  the  greatest 
nnmhcr  of  bundles,"  " 

377.  Course  and  dl»tribu(lon  of  the  bundles  In  the  stem.  In 
tbe  inti'niodcs,  the  bundles  mostly  run  parallel  to  tbe  axis,  or  in 
cnnea  of  very  long  mdius ;  at  the  nodes,  tbey  may  interlace 
transversely.  If  a  bundle  is  followed  through  its  course  fi'om 
below  upwards,  it  will  be  found  to  branch  at  some  of  the  nodes ; 
the  branch  of  the  bundle  going  directly  into  the  leaf  at  that 
point,  or  else  passing  upwsrils  through  other  nodes  until  it 
reaches  a  leaf,  the  number  of  nodes  traversed  varying  according 
to  the  kiud  of  plant  and  the  region  of  the  stem.'  More  than 
one  branch  of  the  bundle  may,  hotvever,  go  to  a  single  leaf. 

878.  If,  now.  tbe  course  of  the  bundle  be  examined  from 
above  downwards,  it  can  bo  seen  that  each  leaf  contributes  its 
simple  or  compound  fascicle  to  the  larger  bundle  with  which  that 
from  the  leaf  sooner  or  later  becomes  confluent.  The  fascicle 
from  the  leaf  can  firequently  be  followed  down  for  several  inter- 
nodes  as  a  separate  thread,  the  so-called  foliar  trace.  If  such 
foliar  traces  are  nearly  isolated  in  their  course,  a  cross-section 
of  the  stem  will  give  a  ground-plan  of  the  leaf-arrangement. 
Usually,  however,  there  is  much  complexity  in  the  distribution 


heim'a  Jahrb.,  IS53. 

*  Vim  TieRhem :  Treit*  At  Botanique.  1884,  p.  748. 
■  Tu  Tirghem  :  TniiU  ds  BoUaique,  1S04,  p.  733. 
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of  the   fascicles,    and    they 
ctir\e   considerably  in    their 
course,  so  that  it  19  often  dif- 
ficult to  follow  the  foliar  trace 
for  more  than  a  short  dis- 
tniici;.     If  the  stem  has  alter- 
nate leaves,  the  direction  of 
tlic  foliar  traces  will  of  course 
be  ilifferent  fivm  that  in  a 
stem  with  opposite  or  verti- 
cil bite    arrangement   of   the 
leaves.    The  following  figures 
cxijibit  the   course    aud  dis- 
tribution in  a  few  cases :  — 
In  the  leafy  shoot  of  Clem- 
ntis.  Fig.  102,  the  leaves  are 
o|i|i(iBile  and  decussate.  From 
cucb  leaf  there  descend  three 
fibro-vascular    bundles  ;   for 
instiince,  at  the  lower  node 
there  are  a,  b,  c,  and  e,  f,  d. 
The  leaves  at  tlie  node  next 
aliove  decnssate  with    those 
below  ;    each    of    them    haa 
tlireo  fibro-vascular  bundles, 
resixsctively,  »,  g,  I, 
and  k.  A,  ffl,  which 
become      somewhat 
smaller  as  they  de- 
Bccud   to    the    next 
node,  where  they  be- 
come   blended    with 
the    bundles   there. 
An  examination   of 
the  thiitl  node  shows 
that  the  two  leaves 
there  contribute  bun- 
dles to  the  axial  cyl- 
inder ;  there  ia  again 
a  blending  of  the  bundles  at  the  node  >ielow. 


Fig.  102.  T)tiiEriunmiktk  i 
theBtiro-THCularbiindlea:  > 
i,B,  l,-t,h,iB,  Ui«  tUdc 
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Koth  laUiral  strands  of  a  ]eat  in  such  a  case  as  tliis  nm  down 
tiiioiigh  one  internode,  bend  outwards  at  the  node  below,  and 
attacli  themselves  to  the  lateral  strands  belonging  there. 

Suppose,  now,  that  a  eross-seetion  of  the  stem  of  Clematis  is 
made  at  the  lowest  node  represented  in  Fig.  102  ;  all  the  fibro- 
vasciilar  bundles  at  that  point  will  lie  seen  in  their  relative  jiosi- 
lions,  some  of  them  cut  squarely  off, 
others  obliquely,  according  to  curves 
wbicli  llioy  make.  A  cross-section  in 
the  internode  above  would  show  slen- 
derer bundles,  but  all  arranged  in  much 
the  same  nmnner  as  in  the  thicker  inter- 
node below  1  that  is,  in  a  circle.' 

The  ciivle  is  made  np  of  flhro-vas- 
cnlar  bundles  which  have  an  inner  por- 
tion of  wood ;  within  the  circle  is  paren- 
chyma (Uie  pith)i  and  outside  of  it  more 
parenchyma  (the  cortex),  which  can  be 
stripped  off  with  the  bast^portion  of  the 
central  cylinder  as  bark. 

Compare  Fig.  102  with  Fig.  103.  In 
tiie  latter,  the  stent  docs  not  exhibit  in 
cross-section  the  fibro- vascular  bundles 
arranged  in  a  cii-cle :  they  are  more  or 
leas  scattered ;  there  is  no  clearly  de- 
fined central  portion  nor  well-marked 
outer  portion  free  from  tlieni.  Hence  it 
cannot  be  said  that  such  a  stem  has  any 
distinction  of  pith,  wood,  and  bark. 

A  further  distinction  may  he  here 
noted ;  uamely,  that  the  bundles  in  Fig. 
102  have  the  power  of  increasing  in  "" 

thickness,  adding  new  wood  and  new  bast  to  the  primary  strnc- 

1  Another  Teature  must  be  uttrntivdy  studied  :  namely,  tho  tcIa^od  of  the 
(orming  bunJles  to  the  young  leave*  at  the  upper  port  of  tbe  stnm.  One  nmy 
■y  tho  bunillei  dcacend  from  the  leif  to  thg  stem,  or  uctnd  from  the  item  to 
the  leaf.  But  since  the  development  of  tiie  leaf  jmrt  and  the  stem  part  of  a 
bundle  goes  on  togvtlier,  these  terms,  asernrf  nml  ikKeend,  should  be  nnder- 
■tood  to  refer  to  our  method  of  tracing  the  bundles  out,  ntul  not  to  Uio  motliod 
of  their  derelapment. 

ftarieleaftnai  the  Uilrd  pair  itflenna:  z,  J,  fludrln  of  Uietbnrtli  pulrof  leBTia;  B,*,— 
y. »,  pulrm  of  iinilei^niwl  li«»e«  not  M  jot  hmln  j  bielole*.  Tlio  diagram  iUoiUmM 
bothCLemkilsVlItnllikiuiLlC.  Vlulb*.    (NitMll.l 

Fia.  103.    LoiiKltnillniil  nrrtinn  Ibmniih  Ibe  stem  of  A«i>lilliitni  olatlor.  •hnwing  Uia 
H  uf  Uifl  flbra-THcnlar  liunaim  lu  CJie  aliai^leal  |iaiui<tyiia.    (Folluuibaii.) 


insTTE  ETfircmiE  or  TSE  FTEM. 


tnie  (see  S90) ; 


D  Fig.  10?.  liif  linnaits  aw  tUc-aed  (>ee  515), 
nod  iDcaiMiUe  of 
f Dnlier  iDocas*  IB 
liiiii^ieBS.   Hence 

in  iliit jrnfwt  tit  ifag 

«:ietn     fAKnra      in 
Fig.  KiS  must  be 

cmi  od"  imr  ban- 
dies. 

ST.".  ItvasbcM 

fclar    Inrodle*   in 
Piihns  origirate  in 

1  Onmed  W  llcU. 
in  Tbr  SBTi«iiie  of 
Tlif  riljn-Slnn  (The 
Hit  SwaPtT,  Ecfota 
Lui    Piptns   <a    Bat- 


;^ai-"_  ct«  tbc 


tbtau^lu^  bu-if  LiEr  l-^. -.Ltv;  'ki^i* 
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tbe  centre  of  llie  stem,  aod  that  the  hard  and  thick  Tasoiilor 
bundles,  situated  at  the  periphery  of  the  stem,  are  older  tliUD 
the  softer  ones  oecupying  the  centi-e.  For  stems  like  those  of 
Palms  he  used  the  term  endogenous,  giving  the  name  exogeitoua 
to  the  other  class,  in  which  new  layers  are  added  to  the  outside 
of  the  wood.  The  terms  endogenous  and  exogenous  were 
adopted  by  De  Candolle,  and  have  played  an  important  part 
in  Systematic  Botany.  Comparative  researt-hes  have  shown  that 
the  term  end<^enons  as  applied  to  the  growth  of  stems  like 
those  of  Palms  is  not  appropriate,  and  hence  the  correlative 
words  have  been  generally 
abandoned  as  names  of  the 
two  great  groups  of  plants. 
They  are  now  generally  re- 
placed by  the  words  monocoty- 
ledonous  and  dico^'ledonous 
(see  Vol.  I.  p.  G9). 

Moreover,  it  is  now  gener- 
ally admitted  that,  although 
the  distinctions  pointed  out  in 
3G6  —  namely,  those  relating 
to  the  arrangement  and  course 
of  the  bundles  —  are  valid  for 
most  plants  of  the  two  great 
groups,  monocotyledons  and 
dicotyledons,  they  do  not  hold 
for  all. 

380.  Instead  of  describing 
the  namerons  exceptions  to 
both  of  these  groups  as  ex- 
ceptions, many  authors  have 
endeavored  to  construct  some 
new  classification  which  shall 
embrace  most  of  the  anoma- 
lies in  one  or  more  co-ordinate  divisions.     Of  these  attempted 

tendrils  ii  renimcd.  Every  leaf  has  live  Gbro-vascakr  IiunilleB,  which  are 
armaged  nDaymmetrically,  aa  ahown  io  Ihe  Gj^re.  The  long  dititsnce  through 
which  some  bundles  on  run  Wfare  uniting  with  anj  others,  and  the  differencet 
in  aimctnre  at  the  saccessiTe  nodes,  are  clearly  eiliibited  in  tbe  diagram. 

Tia.  tOB.  DlignunmatlepnjBCtlnnof  thadlipodtlon  of  the  flbro.TuealU' bamUac  In 
PbUKdui  TulgBtU.  Till*  diagram,  like  Fl|[.  IM,  npecpoaaf  two  iDlilltadlDal  aectlnna, 
boUiaeea  frota  tbe  oxLa:  a.  b,e,J; /,  g,  A.  i.-  l,m,n,o;  q,  r,  t,  t;  h,  r,  te.xi  the  mci:a^ 
Ills  Isaf'tncBa,  each  wjih  four  faadclea.  Of  tha  apper  lear-trace,  the  Bnc  two  Ikacicka, 
y,  ^  an  lUble.    e,  1:,  k,  p,  bwidea  tai  tlie  thna  learea  below.    iKicaU.) 
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dassiflcations  only  ooe  wilt  be  given  here,  and  that  only  in  part  J 

and  somewhat  rcarmneed  ;  namely,  de  Bary'e  :  — 

I.   The palm-tjpe.    Across-sec-  I 
tion  of  most  monocotyledons  shows 
that  the  bundles  are  not  arranged 
in  a  simple  ring,  but  that  they  are  *J 
irregularly  scattered   or  more  or  J 
less  crowded  to  form  a  eliafl,  whiclifl 


may  be  hollow  as  in  most  grasses,  or  flUed  in  the  centre  with 
parenchyma  through  which  scattered  bundles  run.  The  periphery 
of  this  cylinder  or  shaft  is  not  a  true  bark,  nor  is  the  middle  a 
true  pith.  In  the  simple  palm-type,  all  the  bundles  are  leaf- 
etrands. 

II,  The  dicotyledonous  ^-pe,  in  which  all  the  primary  bundles 
are  leaf-trace  threads.  The  bundles  are  niTanged  in  a  simple 
circle  within  which  b  pith,  outside  of  which  is  cortex  ;  medullary 


Fio.  IM.  TmuTanc  skUdb  tbrongli  tbe  oater  put  dT  Chs  it 
ana,  n  Pmn.    (Molil.) 

Frc.  loT.  Tnoarcne  wEUnn  thraimh  tha  mldiUs  put  of  I 
uUbnt,  >  Pitlm.    (MoU.) 
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rays  run  between  the  parencbyma  of  the  pith  mid  that  of  I 
cortex.     To  this  type  belong  most  dicotyledons,  Conifeiu',  and 
Gnetaceffi  (with  the  exception  of  Welwitschia ') . 

III.  Anomnloiia  dicotyledons,  differing  from  the  lust  in  not 
having  all  their  primary  bundles  arianged  iu  a  tiimplo  circle.. 
The  extra  bundles  may  either  be  in  the  cortex,  as  in  fiome  Jlela- 
stomaceie  and  Rhipaalidero,  or  they  may  lie  in  the  pith  either 
SL-attered  or  arranged  in  rings,  as  iu  Cuciirhitace«,  tlie  lierbi- 
CC0U9  Ucrberidacece,  species  of  Fapaver,  TbaUctrum.  Amarao- 
tus,  and  Phytolacca,  many  Nymphieaceie,  some  Bcgouiaccie,  and 
a  few  species  of  Aralia. 

De  Bnry's  other  classes  comprise  anomalous  monocotyledona 
and  certain  higher  cr)ptoganj9. 

381,  To  make  clearer  the  BoroewLat  complicated  structure  of  j 
palm-stcma  which  have  uiifoitunalely  been  selected  in  many  test>- 
books  to  illustrate  the  histologj-  of  monocotyledons,  a  few  general 
statements  are  now  given  as  introductory-  to  the  special  treatment 
in  tbe  note.*  That  |)Orlion  of  a  palm-stem  which  lies  above  the 
lowest  active  leaves  (better  called  ^**onrfa)  is  of  a  conical  shape, 
is  often  much  elongated,  and  carries  all  the  new  and  forming 


»  For  a  description  of  this  inttresting  plunt,  nnd  au  acccuut  of  its  peculiari- 
ties of  slnichire,  coiiiutt  J.  D.  Hooker  on  Welwilschiu. 

*  The  expositina  by  de  Bai?  of  Ibe  structure  of  the  simpler  forms  of  Palms  is 
glren  nearl]'  id  Tull  in  the  tramUtion  which  follows :  — 

"Since  the  appearance  ofMuhl'a  PnlmenunatoniiE,  the  following  main  chir- 
■cUm  hare  been  m-ognized  is  belonging  to  the  simple  palm-ty)ie. 

"All  the  bundles  in  the  cylinder  (with  some  doulitfalond  certainlj  extremely 
iiUDgnificant  exceptions  which  will  be  mentioned  Inter)  are  leaf-tnLces.  The 
base  of  the  leaf  includsi  the  whole  circumference  of  the  stem,  or  at  any  nto 
tha  graaler  part  of  it.  The  leaf-trace  is  always  seTeral  threaded  :  generally  It 
cotwists  of  many  threads,  i[i  stont  stems  oven  of  a  couple  of  hundtwl ;  its  width 
is  nearly  the  whole  of  thecircmnrereuceofthe  stalk.  From  the  base  of  the  Uaf 
tlie  threads  curve  down  into  the  cytiniler,  within  which  they  descend,  some  in 
its  oiiter  surface  and  nearly  mdutl  and  perpcudicnlar,  others  radial  and  oblique, 
first  preaiing  inwaiJ  toward  the  long  axis  of  the  cylinder  in  a  curve  which  is 
eonrex  towards  the  npper  and  inner  aide  of  the  slein,  then  curving  outward, 
and  gradually  passing  towards  the  outer  surface  of  the  cylinder,  and  in  propor- 
tion as  tbey  approach  this,  approximating  towards  a  perpendicular  position. 
All  thrnads  descend  thntugb  many  intemodes,  and  unite  at  lost  in  the  outer 
portions  of  the  cylinder  with  others  which  enler  it  further  down,  attaching 
theniselvBi  to  those  in  a  direction  which  is  sometimes  tangential,  sometimes 
radial,  and  sometimes  oblique.  Until  this  attachment  of  their  tower  end*,  the 
bundles  run  independently.  The  uutoa  of  the  lower  ends  of  buodles  with 
others  that  enter  the  cylinder  lower  down  generally  takes  place  in  such  a  wny 
that  the  whole  nnniber  of  the  bundles  in  successive  intemodes  of  equal 
eumfcrence  remain*  about  the  same.     As  the  enccesmve  intemodes  and  leaves 
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leaves.  It  is  known  as  the  PhyUop/tore.  Tbe  newest  leavei 
formed  nearest  tlie  apex  of  this  cone ;  and  li(.>rc,  as  before  showD,1 
all  Uie  fibro-Tascular  bundles  common  to  the  leaves  and  stom  origl 
nate.  In  most  cases  tlicrc  is  utaolutely  no  increase  in  thickneWil 
.of  tbe  sU-ui  beiow  the  base  of  this  cone ;  but  as  the  a|>ex  or  tii»m 
oone  is  deve!oi>ed  and  extvnds  further  upwards,  thus  elongating 
the  stem,  there  is  also  a  giowtU  in  thickness  of  the  part  of  UmI 
oone  just  above  its  base.  Thus  a  uuirorm  size  of  the  cylindriesl'l 
stem  is  kept.  But  such  increase  in  thickness  cunnot  continue  | 
below  the  i>oint  at  which  there  are  active  leaves. 

iucrrate  ID  lizc,  ihe  numlipr  of  bundles  gruwii  larger,  ami  convrrwly.     Ths  1 
number  of  iiiternodea  throngh  nhich  a  buodle  pataet  cauaot  be  fixed  i '  ' 

"  TboM  baodlfs  in  a  leAf-troce  whicli  carve  like  a  bow  towards  tbo  middle  of 
■  I'yliudcr  do  not  pFiietrate  to  eqaal  dcpthH ;  as  a  genenl  thing,  the  lueiliaa 
butiiUe  of  a  sericw  liea  deepat,  and  the  othen  lie  less  deep  in  proportion  to  their 
diitonce  Trom  tliie  :  the  marginal  ones  descend  nearly  perpendicularly  in  the 
outi^r  iiirface  of  the  cylinder.  Where  tliere  are  wrenil  series  of  baiidlei,  those 
in  tlie  inner  serfes  generally  penetrate  more  deeply  than  those  in  tbe  outer 
ones  which  Ue  at  an  eqnal  distance  rriim  the  median  thread. 

"  The  necBaaary  eon»ei|nence*  nt  the  eourw  described  are  :  first,  that  in  ths 
eraes-section  ol  an  intemode  tbe  bundles  stand  closer  together  in  proportion  as 
they  are  nearer  to  tbe  outer 
aurfoee  of  the  cylinder,  —   i 
I  phenomenon   whiah    ia    I 
espwinlly  noticeable  w' 
tbe  bnndleH  are  distrilni  Ivd    | 

r  the  whole  mrftce 
the  croai-sectiaii  of  i 
cylinder  ;  secondi  the  sue* 
cmsivB  traces  dwindle,  and 
tbi-ir  curving  tlirends  KTom 
each  other.  Mohl's  ccle- 
bnrcd  plan,  which  is  hem  | 
reproduced  in  Fig.  lOS.eK* 
liilitts  this  latter  nUtioB 
ill  H  niliid  luiigiludinal 
section,  being  based  on 
l)iu  untenable  assumption 
tlint  all  the  threads  of  a 
Irscc  ore  nearly  equally 
currwl,  and  are  placed  in 
n  tan  gent  iolly  perpendicn- 
liir  direction,  so  that  they 
[^  form  in  the  outer  surface 

an  open  curring  cone,  if  It 

Pin.  liM    Mnht'i  diocram  of  U 

rin.  IM.  Dlacraoi  nf  U»  OODI 
IDeBarji 
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SS'2.  Branoer '  lias  sIiowd  tliat  the  buncUes  id  Palms  ilo  not 
end  blindly'  at  their  lower  extremities  ui>on  the  surface  of  tbe 
stem,  but  that  they  are  eonnectcd  in  sectiona  or  divisions  from 
base  to  summit  one  with  another,  and  one  on  top  of  another. 
lie  lias  fbrtber  shown  that  eaeh  bundle  lies  io  a  spiral  eurve 
n-ithiu  which  it  grows  ;  and  wiiether  it  returns  to  the  surface 
upon  the  side  iu  which  it  originated  or  upon  the  opposite  side,  it 
is  always  in  this  carve. 

3«3.  The  structure  and  development  of  monocotyledons  have 
received  much  attention  during  the  last  few  years,  and  tbe 
results  obtained  have  caused  some  modlGeation  of  previously 
existing  class  if!  cations.  Two  of  tbe  proposed  methods  of  re- 
Brraugement  are  herewitb  given  ;  — 

384.  Falkenbcrg  recognizes  the  three  following  types  of  stems 
of  monocotyledons. 

I.  The  tissue  of  the  central  cylinder  is  not  plainly  separable 
even  ia  its  mature  stnto  into  conjunctive  parenchyma  and  Qbro- 
vascular  bandies,  (To  this  tj'pe  belong  the  water-plants, 
Zostera,  Potami^eton,  and  probably  all  aubmei^ed  monocoty- 
ledons.) 

II.  The  bundles  and  the  fundamental  tisane  arc  plainly  differ- 
entiated ;  the  fonner  extending  almost  horizontally  from  the 
leaves  to  tlie  middle  of  the  cylinder,  then  curving  downwards, 
running   outwards,   and    finally   terminating   in    the   superficial 


it  unmed  that  the  leaveB  olternnto  with  preci»ly  one  half  divergence,  iind  ia- 
clud*  the  Mem,  and  that  the  threads  stund  tiuigentinlly  [«rpeDdiculur,  then  the 
■cliut  coarse  in  the  stem  trill  be  shown  in  tho  plnn  o!  a  radial  sectioD  through 
the  median  thread  oC  ft  lenf  given  in  Fig.  lOB.  But  tbe  uuiimptioD  afn  radi- 
Klly  perpendicnUr  course  is  valid  only  for  those  bundles  which  are  also  tangen- 
tiolljr  perpend ieukr.  As  vac  6vst  observed  by  Meneghini,  admitted  afterwards 
by  MobI  (Venn.  Schriflen,  p.  180),  and  more  minutely  shown  by  Siigeli,  pbcIi 
radially  curving  thread  ruua  also  in  a  tangentially  obUc|nB  direction,  and 
in  spiral  curves  wliicb  are  proportionate  to  the  mdlal  curving.  Nageli  found 
the  median  thread  of  a  leaf  ofChamndorea  elatior,  Mart,,  for  example,  making 
11  revolotians  in  six  intemoites ;  in  the  sixth,  it  had  not,  in  its  outward  course, 
quite  reaebed  the  middle  point  hetween  tlie  centre  of  the  stem  and  the  inner 
mrraee  of  tbe  bark.  In  stems  with  very  short  inlemodea  and  dostly  crowded 
bundlci  the  spiral  curves  are  at  once  perceptible  in  the  crass-section,  being 
plainest  in  the  bundles  of  the  idem  of  Xuntliorrboea,  which  press  idmoKt  hori- 
toutally  towanis  the  centre  o(  the  stem,  this  ppculinrity  giving  to  its  cross- 
■ectiim  tbe  strange  appearance  which  has  been  freiinenlly  mentioneit. 

"  Finally,  many  variations  from  that  course  of  a  thread  which  hojt  here  )u«n 
described  la  typical  mny  occur :  there  may  be  ourvings  allemalely  toward 
the  outside  and  the  inside,  etc.,  which  are  not  constant." 

Proceedings  of  American  Philosophical  Society,  1S81,  p.  iSB. 
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layPFB  of  the  central  cylinder.  (The  Mohl-Mirbel  Palm-Type, 
illustrated  by  Asparagus,  Ii-Ls,  Canna,  Aspidistra  (see  Fig.  103), 
Acoms,  Sdrijus,  Zea,  etc.,  the 
underground  parts  of  Lilium, 
Tiilipa,  etc.), 

III.    The    bundles   and    the  I 
fundamental  tissue  are   plainly  ' 
differentiated ;  the  bundles  run- 
ning downwards,  and  gradually 
converging  at   a   iwint    in   the 
middle  of  the  central  cylinder, 
here    blending    with    the    leaf-    i 
traces  of  older  leaves,  without 
again  con-ing  outwards.     (Ex- 
amplca  arc  afforded  by  Trades-    I 
caiitia.  the  parts  above  ground 
of  Lilium,  Tulipa,  etc.). 

385.    Guillard'  describes  six 
types  of  structure  in  the  stems  of 
""  monocotyledons   which   depend 

chiefly  upon  the  relations  of  a  central  zone  (called  "  interme- 
diate ")  to  the  fibro-vascular  bundles  in  the  remaining  ]X)rtions  of 
the  stem.  The  classification  has  no  substantial  advantage  over 
that  of  Falkenbei^. 

'  These  types  will  ba  better  underatood  after  aome  peculiaritiea  in  the  ler- 
miuologj'  arc  oxptaiued.  By  "  pith,"  in  monocotyledonB,  Ouillird  ineaiia  tba 
central  rpgion  of  iiarencliyma  ;  by  "  intenoedUte  wine,"  the  active  zone  imme- 
diately lUtToundiDg  the  central  region  ;  by  "corlirjJ  lono,"  ihe  zone  outside 
the  external  circle  of  biinilles  and  tbe  prodncta  of  tbo  inlcrmodiate  zone.  Tba 
■ix  types  sre  the  foUoiring ;  — 

lat  Type.  No  inlermediate  zone  between  the  pith  and  cortical  zone; 
t.  g.,  Poiygonatum  vulgnre. 

2d  Type,     An  intermediate  mne  repre»ent<:d  hy  rlilfarent  tisanes  :  — 

1.  Consiatilig  of  canline  bundles  ;  e.g.,  lri»  florcntina, 

2.  Consisting  of  iiieristeinifonn  l.iaiue  (that  i\  tirane  which  i>roduced 

from  secondary  raeriateoi  retains  the  shape  bat  not  the  activity  of 
meriatem)  ;  r.  g.,  Clminiedores  elstior. 
8,  Consisting  of  a  foscicnlar  sbeath  :  e.g.,  Kpipactis  palostris. 
i.  Consiating  of  the  three  foregoing;  f.  g.,  Aronia  Cslomns. 
8d  Type.     A  single  exlemnl  zone  oT  bundles,  with  a  potential  intermadiote 

zone ;  e.  g.,  Luzula  campeatris. 
4th  Type.     Common  bundles  in  two  groups :  one  at  the  centre  of  the  Btpm, 
the  other  forming  the  ordinnry  circle,  separated  from  the  first  by  a  poten- 
tinl  intermediate  zone  ;  t.  g.,  Tnidescantia  Virginicn. 

ftr  bundle*  In  the  luT^haped  branch  of 
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Secondary  STancTDRE. 

386.  It  has  been  noticed  that  the  fibro-vaaeular  bundles  of  \ 
monocotytedoiia  differ  from  those  of  dicotjledous  chiefly  in  the 
possession  by  the  latter  of  a  Inycr  of  mcrismatic  tissue  (cambium) 
between  the  cribrose  and  woody  portions.  The  stems  of  peren- 
nial dicotyledons  increase  in  thickness  from  year  to  year  chiefly 
by  the  annual  production  of  a  new  mass  of  wood  apoa  the  in- 
side of  this  layer,  and  of  liber 
upon  the  outside ;  but  tbe  stems 
of  most  monocotj'ledons  have  no 
provision  for  annual  increase  in 
diameter.  Hence  it  ia  convenient, 
in  spite  of  numerous  anomalies, 
to  consider  the  secondary  struc- 
tnre  of  tbe  stem  under  tliese  two 
heads. 

387.  Secondary  titmcture  of 
noDOCotjledonoos  steins.  As  has 
been  already  observed,  the  pri- 
mal^' bundles  in  palms  nm  from 
tiie  leaves  in  curves  of  long  ra- 
dius until  thoy  again  approach 
the  surface  of  the  stem,  and  their 
fhllest  development  is  found  in 
the  middle  part  of  their  course. 
Whilft  a  cross-section  exhibits 
these  bundles  as  scattered  without 
much  order  in  a  mass  of  paren- 
chyma, a  vertical  section  shows 
that  they  have  entered  the  stem 
at   different    heights    (since    the 

leavea  with  which  they  were  developed  were  at  different  points   | 
on  tbe  stem).     A  vertical  section  can  displnj'  only  parts  of  most 
of  these  curved  bundles.     At  the  stem  of  a  palm  just  below  the 
crown  of  leaves  there  are  as  many  bundles  seen  in  a  cross-aeo- 

(th  Type.  A  central  man  of  BKondary  tUsne,  fonneil  liam  ceolrol  merit- 
tern.     Intenaediato  zaoe  well  developed  ;  e.  g.,  Trij^Iochm  maricimum. 

St)i  Tf  pe.  Bundlpj  having  uveml  distinct  liber  eleinents;  «.  g.,  Tamua 
conimunis.  (Anatomie  de  U  Lift^  des  MaDocotyledonos,  Ann.  dtn  So. 
nst..  sir.  fl,  tome  t.,  1878,  p.  1.) 


oiLd-lhLp«d  meeh  ofprlmuj  fkKlclcfl  lD(onnln^«d  n 


onduy      ^H 
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tion  as  have  been  derived  from  the  leaves  at  that  point ; 
since  these  bundles  do  not  l>osse3s  a  cambium  layer,  thej-  bava  1 
no  jxiwer  of  increasing  iti  size.  Tlie  only  changes  therefore  to  1 
be  looked  for  In  the  stem  of  a  palm  from  3"ear  to  year  are  those 
in  the  ragged  exterior  from  which  the  leaves  fall,  and  the  i>08- 
Bible  increase  in  firmness  of  the  individual  elements  of  the  older 
bundles.  The  stems  of  most  palms  arc  as  thick  when  they  begin 
to  ascend  from  the  gi-ound  as  tbcy  will  afterwards  be,  their  bun- 
dles early  becoming  perniauent  tissue  throughout, 

388.   The  presence  of  obscure  nodes  In  the  stem  may  com-  | 
plicate  its  structure  aomewbat  by  the  introduction  of  horizouUl  j 
interlacing  bundles ;  but  there  is  in  these  cases,  as  in  the  former, 
no  provision  for  increase  in  thickness. 

S89.   In  some  monocotyledoDous  stems  new  bundles  can  arise 
in  a  merismatic  layer  just  within  the  cortex,  and  therefore  cause  | 
an  increase  in  the  diameter  of  the  stem. 

A  similar  mode  of  increase  in  tliickncss  Is  met  with  in  the  I 
stems  of  many  dicotyledons ;  as  those  of  Kyctaginacese,  many 
Chenopodiacetc  and  Amarantaces,  etc.     Secondary  bundles  are 
formed  in  a  merismatic  layer  outside  the  primary  bundles,  and  j 
in  contact  with  their  lilicr. 

3!)0.  The  secoadar;  sirnctnre  of  normal  dlcotfledenans  sl^mi 
(see  SG9)  is  easily  underetood  when  it  is  remembered  tliat  the 
cambium  of  their  primary  buniUes  possesses  the  power  of  form- 
ing the  following  kinds  of  tissue :  a,  new  wood  on  the  outside 
of  that  whicli  was  last  produced ;  6,  a  layer  of  new  liber ;  c,  fVesh  | 
cambium  for  subsequent  activity ;  and  d,  continuations  of  the  I 
medullary  rays. 

Ttie  cambium  layer  in  the  stems  of  most  dicotyledons  is  com-   i 
posed  of  extremely  delicate,  thin-walled  cells,  which  are  filled    I 
with  protoplasm  and  building  materials.      In  the  spring,  when 
the  linrk  ia  readily  stripped  (Vom  the  wood,  tliia  layer  appears  as 
a  thin  film  of  mucilaginous  matter,  showing,  to  the  naked  eye,  no 
cellular  structure.      In  the  case  of  such  plants  as  the  maple, 
birch,  and  pine,  this  juicy  mass  possesses  a  very  sweet  taste, 
owing  to  the  large  amount  of  organisable  nutrient  matter  which  i 
it  contains. 

391.  The  cambium  layer  exposed  by  removal  of  the  bark  soon 
dies,  and  of  course  all  further  increase  in  diameter  is  impossible 
Qnless  the  wound  is  healed  in  some  way  (see  431). 

392.  The  growth  in  size  of  the  sterna  of  normal  dicotyledons 
depends  therefore  upon  the  existence  and  activity  of  cambium 
cells  between  the  wood  and  bark.     The  Juxtaposition  of  the 
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piimary  bundles  bringe  the  cambium  into  the  form  of  a  circle, 
Bometinies  broken,  but  frequently  uninterrupted.  If  the  tmm- 
bium  circle  is  substantially  unbroken,  u  new  compact  ring  of  wood 
is  laid  u|K>D  the  nood 
of  the  primary  bun- 
dle, and  a  new  ring 
of  lilicr  forms  within 
tbo  older  liber.  This 
action  may  be  indefi- 
nitely repeated ;  and 
in  a  climate  wheiti 
there  are  notable  dif- 
ferences either  iu  tem- 
l)crature  or  moisture 
between  the  seasons, 
tlie  concentric  circles 
are  records  of  the 
years. 

If  the  primary  bun- 
dles are  not  iu  C'ou- 
tact,  tlio  new  wood 
added  year  by  year 
simply  increases  the 
size  of  tlie  wetlgea  at 
their  outer  part. 

8iJ3.  New  Imodlos 
may  be  intercalated 
directly  Iwtween  tiioso 
already  present,  and 
grow  in  much  the 
same  manner  as  the 
primary  ones ;  or  tbey 

nniy  arise  at  new  points  of  acti\-ity  and  produce  great  changei 
of  form.  In  the  same  way  tertiaiy  changes  and  those  of  a 
Iiigbcr  order  may  follow  the  secondary  ones,  giving  rise  to  stems 
vliicLi  have  a  very  complicated  structure.    The  most  puzzling 


Pio.  112.  IH>Kn"< 'bowing  tlie  •Mtmdnrylncnnis  In  IhlaknnanrstloniiKldlcnty. 
ladonaiu  >tEm :  n.cottvi;  p,  phlwm  witli  tbroe  hadcten  of  buril-but.  flbm;  .r,  i;lcin; 
1/,  plU>.  Jihuwt  onlyprinisryflractDre;  ffcrblUu  fannatlon  or  tha  ring  of  «m- 
blain ;  A' A'i'IcuUt  cmnblam ;  if.  Intcr-buclfiilai  cambium;  h.A.A.  fluiclcl«  nT  hard 
bMl;  r,  Bt  (ha  and  of  Ibe  rmr,  nRar  Cbe  rnrmatinn  or  [he  ■econdjiry  fibnt-TUMnlnr  ring; 
p.  UbeT:/1t,  Hcondnrj-  vond  of  tbe  bundle;  f/p,  Inlar-fiuciculnr  liber;  i/1i.  InlKr.fw- 
deaUr  leoindary  wood;  tbe  entire  ring  It  eatallrldeil  by  mi^^utlnr;  njs  of  dUTarsBt 
IwwUu.   (Sicha.) 
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caees  citn  generally  be  referred  to  eccentric  growth  of  some  onsl 
or  more  parts,  as  in  flatteDcd  Btems,  or  explained  by  the  iotro- 1 
duclton  and  more  vigorous  growth  of  supcrDumcrary  bundles. 

394.    Extraordinary  anDinalica  are  aflbrded  by  the  lianes  of  ^ 
tropical  countries,  woody  climbers  with  distorted  sterna.     They 
belong   chiefly   to   a    few  oi-ders      namely,  Bignoniacece,    Mal- 
pightaceiB,  Memapermaccie   and  Aristolochiaceie.     A  few  inter- 
esting caaea  are  shown  in  th*.  accompanying  figures,  and  are  . 
Hurtitientlj  explained  m  the  dtscriptive  Ictter-piess. 


395.  Spring  wood  and  autnmn  wood.  The  secondary  wood  an- 
nually produced  in  ft  temperate  climate  like  ours  exhibits  certain 
differences  between  the  inner  and  the  outer  portion  of  the  year's 


Tsa.  lis,    Tnni'erae 
Uic  pith.    (Duclmrti 


MCtionofttieita 


Tnuurem  McUon  nf  tin  Btem  of  a  llus  belonging  to  the  order  MiJplghl- 
■COB'  <n  Ihepllh     The  lnwk  fnllowB  all  Uio  Irregnlftritla  of  lbs  wdod.    (DochMCra.) 

Fib,  IIS.  TnuuTCTie  wctlon  of  ■  Uttm  belongltig  to  the  orasr  S»plnilK(UB :  t.ptl- 
nuiry  wooiIt  borty  h»Hng  Its  oim  ptth  m.und  burk  t'c;  i',  h',f.  threa  Mcnin!«ry  woody 
bodlM  miliool  plf:  l-ut  tuvliig  M  thick  a  barii  u  Ihn  primary  bixly.    IDuchanre.) 

Fio.  110.  TraiuYertB  wcHon  of  the  >l«ni  of  allanB  balonging  In  tlie  or.lor  Saplnduwa: 
*,  the  pHmary  or  eentnl  wcwdy  body  having  Its  own  pith  in;  b;  b%  i'.  6',  a  (diclo  of  UB- 
equal  Kromlary  wuoclj  bmlloi;  b",  Uillary  woody  bortiea.    (Doidiartra.} 
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ring.  Tbat  which  is  produced  earliest  (spring  wood)  has  some- 
what larger  ducts  and  wood-cells  than  that  which  is  Ibrraed  later 
(autumn  wood).  The  difference  is  not  very  striking  when  the 
wood  of  a  single  year  is  examined,  for  the  diminution  in  size 
is  gradual  from  within  outwards ;  but  if  the  autumn  wood  of  one 
year  is  compared  with  the  sjtring  wood  in  the  next  ring,  the  dif- 
ference is  very  marked.  The  cause  of  the  difference  in  character 
between  the  early  and  later  wood  formed  during  a  single  season 
is  supposed  to  be  the  greater  pressure  exerted  by  the  tense  hark 
in  autumn.  The  experimental  evidence  in  favor  oF  this  view 
will  be  presented  in  the  chapter  on  "  Growth," 

396.  In  climates  where  there  is  no  marked  arrest  of  vegetative 
aclirity  during  the  whole  year,  for  instance,  in  that  of  the  equa- 
torial zone,  the  secondary  wood  seldom  presents  any  clearly 
dehned  annual  rings.  In  the  wood  of  warm,  temperate  zones, 
however,  well-marked  annual  rings  are  not  uncommon. 

397.  It  has  long  been  known  that  in  temperate  climates  a  tree 
may  exceptionally  form  a  double  ring  in  a  single  year.  The 
causo  of  this  in  cases  which  have  been  carefully  examined  ap- 
pears to  be :  (1)  a  partial  cessation  of  activity  owing  to  injury, 
rollowcd  by  (2)  a  renewal  of  activit)'  in  the  same  season.  Thus 
an  elm  may  be  stripped  of  its  leaves  in  early  summer  and  suffer 
a  temporary  check ;  but  the  buds  already  foimed  for  another 
year  (ievelop  into  fiill  leaf  in  a  short  time,  the  assimUative  activ- 
ity is  resumed,  and  two  rings  are  formed  as  a  result  of  this  ces- 
sation and  renewal.  Kny '  has  found  this  to  be  the  case  with 
several  trees  which  had  been  deprived  of  their  foliage  at  the  end 
of  June.  Wilhelm  has  found  by  experiment  that  a  tolerably 
well-defined  double  ring  was  formed  in  Quercus  sessiliflora.  from 
which  he  removed  all  the  leaves  on  the  7th  of  June ;  while  in  a 
second  case,  where  the  foliage  was  removed  later  (July  10th)> 
the  duplication  of  tho  ring  was  not  apparent. 

398.  From  this  statement  it  wouUI  appear  that  even  in  tem- 
perate climates,  where  there  Is  a  prolonged  period  of  complete 
inactivity  due  to  the  cold,  the  number  of  rings  shown  in  the 
cross-section  of  a  stem  may  not  exactly  coincide  with  the  num- 
ber of  years  through  which  the  tree  has  lived.  But,  as  matter 
of  fact,  the  lines  of  limitation  in  the  intercalated  rings  are  so 
mnch  less  distinct  than  those  on  cither  side,  that  the  two  lesser 
rings  would  be  counted  as  one,  and  therefore  be  credited  to  the 
growth  of  one  year  instead  of  two. 

'  VerhBudl.  iL  botan.  Terpins  der  Prov.,  BramJenlmT^,  iSSO. 
*  Child  :  FuptUar  Science  Monthly,  December,  1883. 
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The  largest  number  of  rings  yet  reported  in  any  case  appears 
to  be  that  given  for  the  great  trees  of  California  ;  namely, 
"2,100,  with  a  probability  that  others  considerably  exceed  this."  * 
Other  higher  numbers  of  rings  or  estimates  of  age  are,  however, 
given  in  some  works.^ 

399.  That  it  is  unsafe  to  base  any  calculation  of  the  age  of  a 
tree  upon  its  diameter  follows  from  the  fact  that  its  growth  dur- 
ing one  year  differs  from  tliat  during  another  (see  400).  £ven  the 
use  of  De  Candolle's  modification  of  Otto's  rule,*  which  is  per- 
haps the  best  jet  given,  leads  to  erroneous  results.  The  method 
assumes  that  the  number  of  rings  averages  nearly  the  same  to 
any  given  unit  of  thickness  in  the  outer  as  in  the  inner  part  of 
the  stem.  Having  determined  the  number  of  rings  in  an  inch 
just  under  the  bark,  this  number  is  multiplied  by  the  radius  in 
order  to  obtain  the  whole.  For  example :  £xtract  from  opposite 
sides  of  a  tree  two  pieces  having  a  depth  of  two  inches  each. 
Suppose  the  number  of  rings  in  the  two-inch  piece  on  one  side 
to  be  20,  while  in  the  other  there  are  32,  the  average  per  inch 
will  be  13.  Deduct  twice  the  thickness  of  the  bark  from  the 
whole  diameter  of  the  tree,  to  obtain  the  diameter  of  the  wood 
in  inches,  and  multiply  one  half  of  the  diameter  by  18. 

400.  The  wood}'  rings  annually  formed  in  a  stem  differ  con- 
siderably in  size;  a  narrow  ring  being  the  growth  of  a  cold 


^  S.  Wateon,  iu  Addendum  to  Botany  of  California. 

2  The  following  estimates  cited  by  De  CandoUe  (Physiologic  V^g^tale, 
p.  1007)  are  believed  to  range  altogether  too  high :  — 

The  Linden  of  Neustadt,  in  Wiirtemberg,  1147  years. 

The  Oak  of  Bordza  (on  the  Baltic),  710  distinct  rings  counted  and  300  in- 
distinct rings  estimated  =  1010  years.  (By  Otto's  rule  this  would  be  1080 
years. ) 

The  Yew  of  Crow- Hurst  (Surrey),  measured  by  Evelyn  in  1660,  1458  years. 

The  Yew  of  Brabnrn  (Kent),  measured  by  Evelyn  in  1660,  and  said  by  him 
to  be  superannuatedf  2880  years. 

The  estimate  given  by  De  CandoUe,  of  the  age  of  trees  of  Adansonia  ( Bao- 
bab) ;  namely,  6,000  years,  has  been  shown  by  Dr.  Gray  (North  American 
Review,  1844)  to  be  wholly  erroneous. 

'  Otto's  rule  is  thus  given  by  De  CandoUe  :  Ascertain  the  diameter  at  the 
heifjht  of  about  five  feet,  and  make  a  notch  at  the  same  ix)int  on  the  circular 
surface,  to  count  a  certain  number  of  annual  layers  which  we  measure.  We 
then  tind  the  annual  growth  of  those  trees  which  have  left  off  growing  in  height 

by  the  formula  —^^:~^^—^  and  of  those  which  continue  to  grow  in  height  by 

the  formula  — ~  n^^  ^^^*  ^  being  the  diameter  of  tree ;  F",  volume  of  same  ; 
d,  thickness  of  annual  layers  which  have  been  counted  ;  n,  the  number  of  these 
layers  (Physiologic  V^getale,  p.  981  . 
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season,  a  broad  ring  of  a  wamior  ono.  Their  width  varies  also 
in  tbe  same  species  in  dilTerent  localitice  :  tbus,  in  I'inus  gylves- 
tris.  grown  between  50°  and  60"  north  latitude,  in  Europe  (the 
space  occupied  by  the  British  Isles),  the  annual  layers  arc  very 
seldom  less  than  ^  of  a  millitnetcr  in  thickness:  while  in  the 
same  tree,  growu  far  north,  the  tliicknesa  is  not  iV  of  a  milli- 
meter.' The  width  varies  also  in  different  parts  of  itie  same 
ring.  For  instance,  in  the  ease  of  Pinus  sylvestris,  Bravais  and 
Martins  found  the  two  opposite  radii  in  a  stem  to  have  the  ratio 
of  9  to  19,  the  side  having  the  greatest  thickncsa  being  that 
which  had  its  foliage  best  exposed  to  air  and  liglit.  The  eccen- 
tric growth  of  the  wood  of  branches  has  been  often  noted ;  tUo 
longer  radii  are  those  on  the  lower  side. 

401,  Sap-wood  (Alburnum).  The  new  and  soft  wood  con- 
tains n  larger  proportion  of  soluble  organic  matters,  of  nilro> 
genous  substances,  and,  when  fresh,  of  water,  than  the  older, 
harder  wootl  lying  just  within.  The  "  sap  "  of  the  tree  is  found 
in  largest  amount  in  the  newer  wood.  The  name  alburnum  was 
given  to  Uie  sap-wood  by  the  early  hiatologists  on  accoimt  of  its 
white  or  pale  color.  Contrasted  with  it,  but  not  always  very 
sharply,  is  the  haitler  sulistance,  II«art>nood,  or  Dnramcn.^  The 
latter  was  given  its  name  because  of  ita  greater  hardness,  or 
durability.  Genemlly  there  is  some  distinction  in  color  between 
the  sap-wood  and  heart-wood,  owing  to  the  presence  of  peculiar 
coloring-matters  lodgeil  in  the  texture  of  tlie  latter.' 

402.  Color  of  wood.  The  deep  colors  which  characterize  many 
kinds  of  wood  arc  contained  chiefly  in  the  walls  of  the  ceils  and 
ducts.  In  Hiematoxylon  Campcchianrun  the  coloring-matter 
Bometimes  occura  also  in  crystals  inside  tlie  cells  themselves  or 
in  clefts  of  the  wood.  The  wood  of  Pterocarpus  santalinus  (Red 
Saudcrs-wood)  consists  of  libriform  cells  intermingled  with  small 
groups  of  very  largo  ducts,  both  of  which  contain  the  ruby  color- 
uig-niatteTs  in  lai^e  amount.  Many  Berlieridaceie,  Cladrastia 
tinctoria,  Ccrcia,  etc.,  have  yellow  coloring- matters  in  the  wood ; 
in  Guaiaeum  the  color  ia  greenish  ;  in  black  walnut,  brown  ;  in 
ebony,  nearly  black. 

1  Gtatua  sDiI  Martina :  Ann.  des  Sc.  nat,,  ser.  2  turoc  lix.,  1843,  p.  1S9. 

*  Tho  word  Viiramm  is  osert  by  some  writers  to  dKnoIe  mFrely  that  heart- 
WMxl  which  has  become  vrry  dense  bj  peouUnr  inflUntliotia  (Sauoendorfer,  id 
SimiDKaUr.  d.  k.  Aksd.  Wieli.,  1882). 

'  The  following  figuren,  giving  tlie  proportion  of  sap-wood  to  the  entire  toI- 
unu!  ol  tbe  trunk,  an  from  Tre>l»!old  (Principles  of  Carpentrr,  Section  X. ,  citod 
by  RankiDe)  ;  Cheatnat,  0.1 ;  Ouk,  0,2S4  ;  Scotch  Fir,  O.lia. 
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403.  It  ma}*  be  here  mentioned  that  many  woods  have  cfaarao- 
tcristic  odors ;  for  instance,  sandal-wood,  violet-wood,  and  many 
of  the  conifcroas  woods. 

404.  The  presence  of  resinous  matters  in  wood,  partlcolaiiy 
when  these  are  evenlj*  although  sparinglj*  distributed  through  the 
mass,  exerts  a  marked  effect  in  retarding  decay.  The  durability 
of  the  wood  of  Southern  Cypress,  even  when  exposed  to  the  Joint 
action  of  the  warmth  and  moisture  of  a  greenhouse,  is  usually 
attributed  to  their  presence.  But  there  are  some  cases  of  great 
resistance  to  the  influences  producing  decay,  which  cannot  be 
referred  to  tlie  same  mode  of  protection ;  for  instance,  those  of 
Robinia  Pseudacacia  (or  common  ^^  Locust^)  and  Catalpa. 

405.  Various  processes  have  been  tried  for  destroj'ing  the 
putrescible  matters  in  cells,  or  so  modifying  the  character  of 
the  ccUwall  that  the  wood  can  be  protected  against  decay. 

40G.  The  oldest  known  method  of  preserving  wood  is  car- 
bonizing, or  charring,  bj*  which  those  constituents  of  the  wood 
specially  liable  to  decay  are  so  changed  as  to  be  no  longer  liable 
to  putrefaction.  The  wood-preserving  processes  known  as  Bur- 
ncttizing  and  Kyanizing  have  for  their  object  the  coagulation  of 
protein  matters  in  wood-cells,  thus  retarding  if  not  preventing 
putrefaction. 

407.  In  Kyanizing,  a  solution  of  mercuric  chloride  is  forced 
into  the  texture  of  the  wood ;  but  the  cost  of  this  substance 
is  so  great,  that  it  has  led  to  a  general  abandonment  of  the 
process. 

408.  In  Bumettizing,  the  wood  is  impregnated  with  a  solution 
of  zinc  chloride  containing  about  fifty-five  \yeT  cent  of  the  dry 
chloride.    This  is  forced  into  the  wood  under  pressure. 

409.  Another  process  —  creosoting  —  depends  upon  the  intro- 
duction into  the  wood  of  a  solution  of  impure  creosote,  a  pressure 
of  about  one  hundred  and  fiftj'  pounds  to  the  square  inch  being 
maintained  until  the  wood  has  absorbed  a  sufiScient  amount  of 
the  antiseptic  liquid.  Some  of  the  antiseptic  matters  obtained 
by  a  rough  distillation  of  coal-tar  are  also  used  for  preserving 
wood. 

It  is  an  interesting  fact  that  even  wood  which  in  the  air 
is  specially  liable  to  decay  can  be  preserved  for  a  long  time  if 
deep!}'  submerged  in  water. 

410.  There  is  an  appreciable  difference,  especially  in  length, 
between  the  wooil-cells  of  the  earlier  annual  rings  and  those 
which  succeed  them ;  and  Sanio  has  shown  that  an  increase  of 
length  of  the  cells  occurs  up  to  a  certain  period  of  growth,  when 
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an  average  appoars  to  be  established.  This  faet  is  illustrated 
by  the  foUovriug  table,  based  on  meiksureniGiita  of  tracheids  of 
Pin  us  sylvestris,* 

Number  of  tha  umiul  Medium  length  of  Clia  Medium  wldlb  d(  tlie 


17 2-74 

19 3.13 

Jl 3.88 

B7 3.87 

)S 3.01 

J9 *.00 

10 1.04 

13 4.09 

15 *.21 

IS 4.21 

ra 4.21 

From  this  table  it  is  seen  that  the  increase  can  be  traced  np  to 
the  rorty-flllli  year,  but  that  from  that  time  on,  the  tracheids  in 
one  ring  have  the  same  length  as  those  in  the  next.  Those  in 
the  forty-fifth  annual  ring  liave  an  average  length  of  about  five 
times  that  of  those  in  the  first.  In  the  wood  of  oak,  the  libri- 
form  cells  exhibited  the  gi-eatost  difference  in  length.  Thus 
Sanio  found  that  in  a  stem  of  Qnercus  pedunculata.  with  130 
rings,  the  medium  length  of  these  elements  in  the  ring  of  the 
first  year  was  .42  mm,,  and  in  tiie  three  outer  rings  1.22  mm. 
Tracheids  in  the  same  rings  measured,  however,  only  ,39  mm. 
anil  .72  mm.  respectively.  With  this  increraent  iu  the  length  of 
wood  elements  in  successive  rings,  Haberlandt  associates  a  fact 
noticed  by  Alexander  Brann  ;'  namely',  that  the  wood  elements 
in  some  stems  and  brauchea  stand  not  parallel  with  the  axis,  but 

'  Ceber  die  Grusse  der  Uolzzellea  bei  der  gemeineo  Kiefor,  Pringx.  Jahrlt., 
TiiL  409. 

>  UebiT  den  schiefen  VerUuf  der  BoUfaaer,  unil  die  dadarch  bedingto 
Drehung  der  Biiumc,  Berlin,  1854. 

It  is  proper  to  refer  at  tliis  point  lo  an  inatniotiTO  paper  by  Abromeit 
upon  the  histology  of  the  oaks,  in  wliich  the  most  marked  cIianKlcrs  of  the 
Korth  American  species  are  fully  treateil  (Pringsheim'a  Jahrb.,  1884,  p.  209). 
According  to  Abromeit,  the  oakB  can  ^x  plainly  ciiissilicd  ai  follows :  — 
I.   With  wide  well-maiked  medallury  niya. 
A.    The  suduhI  rings  diatinclly  deRited  by  the  coneentric  circles  of  the 
larger  ducts  of  the  spring  nood,  and  seen  by  the  naked  eye.    The 
rniftUer  ducts  nrc  amnged  in  radial  rows  in  the  autonin  wood. 
o.    With  thin-walled  ducts. 

a.  The  radial  rows  of  small  ducts  touch  each  other  tangontiftlly : 
QaercuH  lyiata,  alba,  Durandii,  stellata,  macrocorpa,  Wislizelu 
Ptinus,  GBn7atiB,  bicDlDr(var.  llichanxii). 
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somewhat  oblique  thereto.  The  degree  of  obliquity  is  generally 
from  4°  to  5°,  but  it  is  sometimes  much  higher  than  this ;  for 
instance,  10°  to  20°  in  horse-chestnut,  30°  in  Syringa  vulgaris 
(Lilac),  40°  in  Sorbus  aucuparia,  and  45°  in  Punica  Granatum. 
411.  Density  of  wood.  Owing  to  its  gi-eater  firmness  and 
smaller  amount  of  putrescible  substances,  heart-wood  is  economi- 
call}'  of  far  greater  value  than  sap-wood ;  and  hence  nearly-  all 
determinations  of  density,  strength,  etc.,  are  made   upon  it, 

p.    The  radial  rows  of  the  smaller,  ducts  are  relatively  narrow  and 
for  the  most  jyart  isolated  tangentially  :  Quercus  bicolor,  ses- 
silifiora,     Iberica,    grosseserrata,    ca«taneifolia,    pedonculata, 
Thomasii,    iindulata  (var.    grisea),    Mongolica,    macranthera, 
heterophylla. 
7.    The  radial  rows  of  the  smaller  ducts  are  very  narrow,  and  the 
ducts  differ  somewhat  m  width.     The  large  ducts  are  in  groups 
in  the  concentric  circles  :  Quercus  lobata. 
b.    With  thick-walled  ducts, 
a.    The  large  ducts  in  the  concentric  circles  are  indistinctly  grouped, 
while  the  small  ducts  are  crowded  in  narrow  radial  rows : 
Quercus  rubra  and  the  var.  ?  Texana.     Quercus  tinctoria. 
p.    Lai^e  ducts,  as  in  the  previous  group.     The  radial  lines  of  the 
smaller  ducts  wide,  and  the  ducts  themselves  visible  to  the 
naked  eye  :  Quercus  imbricaria,  hypoleuca,  laurifoUa,  Kelloggii, 
palustris,  falcata,  Catesbsei,  aquatica,  nigra. 
7.    With  distinct  radial  grouping  in  the  circles  of  the  larger  ducts  of 
the  spring  wood.     The  radial  rows  of  smaller  ducts  narrow  and 
straight.    The  small  ducts  visible  to  the  naked  eye  :  Quercus 
Cerris,  serrata,  Phellos,  coccinea. 
B.    Having  thick-walled  ducts  of  one  kind,  and  these  arranged  in  radial 
rows  or  groups.   The  annual  rings  arc  not  distinct  to  the  naked  eye, 
and  are  defined  chiefly  by  the  thick-walled  wood-cells  of  the  outer 
layers  of  the  autumn  wood.     They  are  easily  made  out  under  the 
microscope, 
a.    The  radial  rows  of  ducts  are  for  the  most  part  wide  :  Quercus 
virens,  oblongifolia,  chrysolepis,  rugosa,  Ilex,  coccifera,  Calli- 
prinos,   lanuginosa,  paucilammellosa,   glabra,   Burgeri,  gilva, 
thalassica. 
p.    Radial  rows  of  ducts  mostly  narrow :  Quercus  Suber,  agrifolia, 
glauca. 
II.   The  wide  medullary  rays  appear  under  the  microscope  to  be  somewhat 
interrupted  by  wood-cells,  so  as  to  appear  like  groups  of  narrower 
rays :  Quercus  dilatata. 
The  principal  kinds  of  wood-cells  in  oaks,  according  to  the  nomenclature  of 
Abromeit,  are:  first,  the  "pointed,"  of  which  there  are  two  varieties,  the  septate 
and  the  unseptate  ;  and,  second,  the  *'  blunt,"  which  are  of  comparatively  wide 
caliber,  and  have  thin  walls.     The  length  of  the  pointed  cells  in  an  average  of 
171  measurements  was  found  to  be  1.224  mm.  ;  that  of  the  blunt  cells  only 
.1  mm.     Besides  these  two  chief  kinds,  there  are  transitional  forms  of  every 
sort. 
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rather  than  upon  the  latter.  The  lightest  wooti  ia  probably  the 
Bo-called  "  cork-wood"  of  the  West  Indies  (Ochroma  Lagopus), 
witli  a  specific  gravity  of  .25 ;  the  heaviest  is  Condalia  ferrea, 
specific  gravity  1.302.'  The  specilic  gi'avity  of  pure  cellulose  is 
given  by  authors  variously  aa  1.25  to  1.52;'  hence  the  figures 
noted  above  for  the  extremes  of  wood-density  show  indirectly  the 
degree  of  buoyancy  imparted  by  the  air  enfiingled  in  the  tissues.* 
412.  Wood-fibre  used  for  paper-pulp.  The  longer  wood-ceUa 
of  many  commou  ligneous  plants  can  be  profitably  separated 

'  Tenth  Crdsua  of  the  United  Statra,  vol.  ix.,  p.  272. 

*  Ebermayer  :  Chemio  Jer  PSinzen,  1GS2,  p.  164.     Husemanii  and  Hilgsr: 
Die  Pflanzemloffp.  1832.  y.  108. 

*  Tlie  T'lltoning  delcrminittioDS  ven  madf  under  the  direction  of  Frofesaoi 
C.  8.  Sargent,  for  Uiu  Tenth  United  States  Census. 
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The  apeeimens  uB*d  in  the  ahove  deterniiaationa  by  Mr.  S.  P.  Sharpies  were 
dried  at  a  t«nperatnre  of  11)0°  C.  until  thay  censed  lo  lose  weight,  when  the 
KprciGc  graritiea  were  obtained  by  meaauremont  with  micrometer  valtpei-s  and 
eatcnlatioa  from  the  weights  of  the  speeitneni. 

For  the  purpose  of  utilimg  hisloto^cal  fratores  in  the  identification  of 
wooda,  ciasdHotory  tobies  have  been  prepared  by  msn^  authois.  One  of  the 
mart  iweful  of  these  ia  given  in  Schtteht'a  work.  Die  Pflanzeniellp,  in  which 
tbt  different  wood -veils  of  ConiTene  are  described,  in  order  to  aid  tn  the  recog- 
nition of  the  genera.  Another  ia  deBary's  (Verglcicheode  Anatomie.  p.  509, 
10 
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from  each  other  by  mechanical  or  chemical  means  for  ase  in  the 
manufactore  of  paper-pulp.     The  woods  which  appear  to  have 

translated  in  Sachs's  Text-book,  2d  Eng.  ed.,  p.  651),  in  which  the  stractoial 
characters  of  many  kinds  of  wood  are  given.  The  table  will  be  foond  con- 
venient for  reference. 

1.  Wood  consisting  only  of  tracheids  with  bordered  pits  :  — 

Winterete  (Drimys'Winteri,  Tasmannia  aromatica  ;  also  Trochodendron 
aralioides) :  (Conifers). 

2.  Wood  consisting  of  vessels,  tracheids,  parenchyma,  and  intermediate  cells ; 

that  is,  substitute  or  replacing  cells  or  fibres  (ersatzfasem) :  — 

a.  With  no  intermediate  cells  ;  Ilex  aquifolium,  Staphylea  pinnata,  Rosa 

canina,  Crataegus  monogyna,  Pyrus  communis,  Spiraea  opulifolia. 
Camellia,  etc 

b.  With  no  parenchyma  ;  Porlieria. 

c.  With  both  parenchyma  and  intermediate  cells ;  Jasminum  revolutnm, 

Kerria,  Potentilla  fruticosa,  Casuarina   equisetifolia  and  torulosa, 
Aristolochia  Sipho,  etc. 
8.  Wood  consisting  of  vessels,  tracheids,  fibres,  parenchyma,  and  intermediate 
cells :  — 

a.  With  no  intermediate  cells  ;  fibres  unseptate  ;  e.  g,,  Sambncus  nigra 

and  racemosa,  Acer  platanoides,  Pseudoplatanus,  and  campestris. 

b.  With  both  parenchyma  and  intermediate  cells  ;  fibres  unseptate  ;  Ber- 

beris  vulgaris,  Mahonia ;  (Ephedra). 
c  With  no  intermediate  cells ;   fibres  septate  and  unseptate ;  Punica, 
Euonymus  latifolius  and  Europseus,  Celastrus  scondens,  Vitis  vini*. 
fera.  Fuchsia  globosa,  Centradenia  grandifolia,  Hedera  Helix,  etc. 

d.  With  all  four  kinds  of  cells  ;  Miihlenbeckia  complexa,  Ficus. 

4.  Wood  consisting  of  vessels,  tracheids,  fibres,  parenchyma,  and  intermediate 
cells.    This  is  the  most  common,  and  may  be  taken  as  the  typical  structure: 

a.  With  no  intermediate  cells  ;  Sparmannia  Africana,  Calycanthus,  Rham- 

nus   catharticus,  Ribes  rubnmi,  Quercus,  Castanea,  Carpinus  sp., 
Amygdala®,  Melaleuca,  Callistemon  sp.,  etc. 

b.  With  no  parenchyma  ;  Caragana  arborescens. 

c.  With  both  kinds  of  cells  ;  most  foliage-trees  and  shrubs;  e.  g.,  Salix, 

Populus  sp.,  Liriodendron,  Magnolia  acuminata,  Alnus  glutinosa, 
Hetula  alba,  Juglans  regia,  Nerium,  Tilia,  Hakea  suaveolens,  Ailan- 
thus,  Robinia,  Gleditschia  sp.,  Ulex  Europseus,  etc. 
6.  Wood  consisting  of  vessels,  fibres,  parenchyma,  and  intermediate  cells :  — 
o.  With  no  parenchyma ;  Viscum  album. 

b.  Witli  no  intermediate  cells  ;  Avicennia. 

c.  With  both  kinds  of  cells ;  Fraxinus  excelsior,  Ornus,  Citrus  medica, 

Platanus,  etc. 

6.  Wood  consisting  of  vessels,  fibres,  and  parenchyma  :  — 

Cheiranthus  Cheiri,  Begonia.    Also  many  Crassulace®  and  Caiyophyl- 
lacese. 

7.  Wood  consisting  of  vessels,  fibres,  parenchyma,  and  tnie  woody-fibres  :  — 

Colens  Macmei,  Eugenia  australis,  Hydrangea  hortensis. 

8.  Wood  consisting  of  vessels,  tracheids,  woody  fibres,  septate  fibres,  paren- 

ch3rma,  and  intermediate  cells  :  — 
Ceratonia  siliqua,  Bignonia  capreolata  ;  it  is,  however,  still  doubtful  if 
true  woody-fibres  are  present. 
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been  most  esleoBivoly  eraployetl  up  to  the  present  time  are  some 
of  Uio  species  of  Abies,  Betiila,  Populus,  Tilia,  and  Liriudcadroa 
Tulipifera  (in  tlie  United  States  sometimes  called  "Poplar"). 
The  chemical  processes  depend  (1)  upon  the  solvent  power  of 
caustic  soda  under  pressure,  and  with  heat,  upon  the  so-called 
intercellular  substance  which  unites  the  cells,  or  (2)  upon  the 
similai*  power  of  a  snlphite,  preferably  maguesic,  also  under 
pressure  and  with  heat. 

413.  Bark.  A,  Socondarr  liber.  Each  yearly  addition  to  the 
iuncr  suiTace  of  the  bark  is  seldom  plainly  distinguishable  from 
those  wliidi  have  precede<l  it,  and  hence  we  cannot  detennine 
positively  the  age  of  an  old  tree  by  the  layei-s  of  its  inner  bark. 
The  bast-fibrea  of  a  single  year  often  cling  together  in  a  strik- 
ing manner,  forming  bands  or  strips  of  considerable  strength, 
and  in  a  few  cases,  notably  that  of  Daphne  Lagettu,  there  are 
fine  meshes  between  the  fibi-cs,  so  that  the  inner  bark  seems  to 
be  comjjosed  of  layers  of  delicate  lace. 

A  piece  of  thick  bark  of  linden  macerated  for  a  while  in  water 
becomes  so  softened  that  the  younger  portion  of  the  inner  bark 
can  be  easily  separated  into  the  annual  layers.  Strips  of  the 
coherent  fibres  form  the  Russia  matting  of  commerce.  The 
strips  often  measure  2-3  meters  in  length,  2-5em.in  width, 
and  .04  -  .08  mm.  in  thictcness.  Scattered  among  the  individual 
bard-bost  fibres  there  are  many  parenchyma  cells,  some  of  which 
plainly  t>elong  to  the  medullary  rays,  and  others  to  the  fibro- 
vascutar  bundles. 

414.  The  bast-fibres,  in  a  few  instances,  instead  of  being  re- 
tained nix»n  the  stem  for  an  indefinite  period,  are  separated  early, 
leaving  the  newer  bast  exjMscd.  This  is  the  ease  with  some  of 
our  species  of  Vitis,  in  which  the  bast  becomes  detached  in  the 
forra  of  long,  loose  shreds  after  the  first  year. 

415.  The  crystals  found  in  bast  are  very  abundant.  They 
ore  chiefly  monoclinic,  and  occur  both  singly  —  ari'anged  in 
rows  —  and  iu  clusters.' 

41G.    The  appearance  and  distribution  of  the  fibres  of  bast 

'  De  Hory  gives  Iht  following  list,  takm  chiefly  from  Sanio  :  — 

CluiUre  of  vrjsUla  iu  biut  of  Juglana  regia,  Ehiis  typhinn,  Viimrntttn  Oxj- 
cocco-s  V.  Lantuto,  Prunus  Padua,  Pmii>^  Orsnatum,  Ptelea  trifolista,  lUbca 
bignini,  LoDicent  TsUuica. 

Single  monacUnic  rrystala  in  bast  of  species  at  Acer,  and  tbe  PomaeeK, 
Kobinia,  Cladrastia,  Ulmus  cawpestris,  Berbcris,  etc. 

Single  moDoclinic  crystAla  and  cliuten  in  bast  of  Querctia,  Culda,  .£scu1iu 
Hijijiocmtiiauin,  Hamamelis  Virgiuica,  Uorui,  Salix,  Fagua,  Populiu,  Car- 
pinos,  B«tula,  Tilia,  etc. 
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arc  so  characteristic  in  certain  kinds  of  bark  that  thej  may  Jbe 
used  for  identification.    An  example  is  given  below.^ 

417.  B)  Cork)  which  has  already  been  described  in  part  in 
Chapter  II.,  plays  a  very  important  part  in  the  structure  of  older 
bark.  Its  relations  to  the  cells  which  produce  it,  and  to  the 
epidermis  which  it  displaces  at  an  early  period  of  its  growth,  will 
be  plain  fVom  an  examination  of  Fig.  117.  In  its  production 
there  are  periodic,  arrests  of  activity  just  as  in  the  case  of  wood, 
and  hence  in  cork-tissue  of  firm  texture  it  is  possible  to  detect 
the  lines  of  annual  demarcation.  When  the  cork  of  the  cork- 
oak  has  reached  a  merchantable  thickness  (usually  in  ten  to  fifteen 
years),  it  is  removed  down  to  the  phellogen,  or  cork  cambium, 
and  fVom  this  tissue  new  growths  begin.* 

'  **  The  liber  is  trayersed  by  medullary  rays,  which  in  cinchona  are  mostly 
very  obvious,  and  project  more  or  less  distinctly  into  the  middle  cortical  tissue. 
The  liber  is  separated  by  the  medullary  rays  into  wedges,  which  are  constituted 
of  a  |>arenohymatous  part,  and  of  yellow  or  orange  fibres.  The  number,  color, 
shape,  and  sixe,  but  chiefly  the  arrangement  of  these  fibres,  confer  a  certain 
character  common  to  all  the  barks  of  the  group  under  consideration. 

**  The  liber- fibres  are  elongated  and  bluntly  pointed  at  their  ends,  but  never 
branched,  mostly  spindle-shaped,  straight,  or  dightly  curved,  and  not  exceed- 
ing in  length  8  mm.  They  are  consequently  of  a  simpler  structure  than  the 
analogous  cells  of  moat  other  officinal  barks.  They  are  about  J  to  J  mm. 
thick,  their  transverse  section  exhibiting  a  quadrangular  rather  than  a  circu- 
lar outline.  Their  walls  are  strongly  thickened  by  numerous  secondary  depos- 
itji.  the  cavity  being  reduced  to  a  narrow  cleft,  a  structure  which  explains 
the  brittleness  of  the  fibres.  The  liber-fibres  are  either  irregularly  scattered 
in  the  liber-rays,  or  they  form  radial  lines  transversely  intersected  by  narrow 
strips  of  parenchyma,  or  they  an*  densely  packed  in  short  bundles.  It  is  a 
{H.H?uliarity  of  cinchona  barks  that  these  bundles  consist  always  of  a  few  fibres 
<thret«  to  five  or  seven),  whereas  in  many  other  barks  (as  cinnamon)  analogous 
bundles  are  nukle  up  of  a  large  number  of  fibres.  Barks  provided  with  long 
bundles  of  the  latter  kind  acquire  therefrom  a  very  fibrous  fracture,  whilst 
oiiiohoiia  barks«  fnnn  their  short  and  simple  fibres,  exhibit  a  short  fracture. 
It  i:«  rather  granular  in  Calisaya  bark,  in  which  the  fibres  are  almost  isolated 
by  i>arenohymatous  tissue.  In  the  bark  of  C.  serobiculata  a  somewhat  short 
tibrvHiH  fhiotur%^  is  due  to  the  arrangement  of  the  fibres  in  radial  rows.  In 
l\  pube^vus  the  fibr^^  are  in  short  bundles,  and  produce  a  rather  woody  frac- 
turv"  ( Fluokiger  and  Ilanbury,  Pharmaeo^n^phia,  p.  317). 

*  As  noticevi  in  24d,  the  inner  layer  of  cork-nieristem  may  give  rise  to  paien* 
chynvA  evils  i\>ntaining  ohlon>i>hyll.  Of  these  cells  Sanio  says :  "They  never 
KHviue  cork-oells»  but  are  truly  parenchymatous  ;  they  are  filled  with  chloro- 
phyll, starx'h,  and  sometimes  with  crystals.  They  never  become  lignified,  but 
the  w^U  rvuudos  as  unchanged  celluloee,  and,  in  short,  they  are  true  cortical 
cell*.  J^nor,  then,  they  ow«  their  origin  to  the  activity  of  the  cork-meristem, 
biit  beharv  throughout  their  whole  suUsei|aent  devi^Iopment  precisely  like  the 
cells  of  the  vx^ftex,  they  may  be  called  cork-ooitex  cells.  When  they  form  a 
distinctly  de&ned  layvr,  the  tenn  Phelloderm  is  appropriate"  v^^nngsheim's 
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418.  In  some  plants,  notably  the  birch,  papery  layers  esfo- 
liato  from  time  to  time,  while  iu  some  other  plants,  e.p.,  the 
shag-bark  hickory,  large  strips  of  irrogiilar  form  and  thickness 
arc  detached.  Owing  to  the  mode  of  their  formation,  audi  sepa- 
rated pieces  may  contain  very  heterogeneous  elements.  Of  them 
Sachs  says:'  "Not  nn-  _ 
frequently  the  formation 
of  cork  penetrates  much 
deeper  [than  the  peri- 
derm] :  lamcHiB  of  cork 
arise  deep  within  the  stem 
as  it  increases  in  thick- 
ness; parts  of  the  funda- 
mental tissue  and  of  ttie 
Gbro-vascular  bundles,  or 
of  the  tisane  which  alter- 
worda  proceeds  from  them, 
become,  as  it  were,  cut 
out  by  lamellae  of  cork. 
Since  evetT,-thing  which 
lies  outside  such  a  struc- 
ture dies  and  dries  up,  a 
peripberal  layer  of  dried 
tissue  collects,  which  is 
verj-  various  in  its  form 
and  origin.  This  struc- 
ture, abundant  in  Couif- 
CI1B  and  in  many  dicoty- 
ledonous trees,  is  the  bark,  the  most  complicated  epidermal 
structure  in  the  vegetable  kingdom." 

419.  Injuries  of  the  stem.  The  stem,  especially  in  the  case 
of  plants  living  many  years,  is  particularly  liable  to  injuries,  the 
most  frequent  of  which  are  of  conrse  the  wounds  left  by  the  fall- 
ing of  the  lower  limbs.  It  is  proper  to  treat  here  of  the  natural 
repair  of  such  injuries. 

421).  When  any  part  of  a  plant  suffers  serious  mechanical 
injurj'  by  which  the  deeper  tissues  are  exposed,  the  surface  of 


>  Teit-book,  2d  Eng.  ed.,  1S82,  p.  05. 

PiO.  IIT.  Fomutlaii  of  CDrk  In  ■  bnncb  of  Rlba  nlgram,  ono  year  old ;  put  of  ft 
tnnivfTw  hoUod;  r.  epldermti;  h,  lialr;  t,  bul-«]1i;  pr,  oorilckl  pareDcbynia  dl>- 
tortnl  br  ths  Increue  In  Chi  thjcknna  of  the  bnrich ;  X,  tnUl  proclact  of  the  pbello^n  e  I 
t,  tbe  corli-celli  ndlallf  In  iovb,  ronned  from  c  Id  centrifD^I  order;  pit.  pheUoderm 
(parenehynw  oonulniflg  cUorDphyll  rormsd  oeuutpeUlIy  trvat  ei.    {StcbM.} 


150 


MINUTE  STEUCTPEE  OF  THE   STEM. 


the  wound  exhales  moistare  verj-  rapidly,  auil  uiider  ordinaiy* 
circutnatances,  except  in  spring,  soon  becomes  drj\    As  Ilarlig' 
has  shown,  the  drying  of  the  exposed  tissues  is  fatal  to  tbeir 
component  cells,  and   the   organic   contents   speedily  iiudei^ 
chemical  decomposition.      The  products  of  tliia  decompositioi 
have  been  further  shown  by  liim  to  bo  fatal  to  neighboriug  celll 
and  under  certain  conditions  the  mischief  may  prepress  to  i 
irreparable  extent.     But  usually  there  is  an  arrest  of  the  c 
structive  action  cither  from  lack  of  the  fVec  oxygen  necessary  fotM 
the  putrefactive  process,  or  by  the  protection  afforded  by  tissueaV 
for  repair.     Wounds  in  resinous  trees  are  measurably  hindered.1 
front  effecting  ranch  damage,  oTriug  to  the  exudation  of  liquid! 
resins  which  exclude  air. 

421.  The  smaller  wounds  of  a  plant  are  generally  healed  by 
cork  or  by  callus.  1.  By  cork.  The  superficial  layer  of  cells  at 
the  surface  of  the  wountl  is  destroyed  by  the  injury,  and  dries 
at  once.  In  soft  tissues  the  layer  just  below  this  immediately 
becomes  merismatic,  and  behaves  precisely  like  normal  cork- 
meristem,  covering  tlie  entire  wound  with  a  grajnsh  or  brownish 
film,  which  is  in  unbroken  connection  with  the  edges  of  the 
wound.  Extreme  dryness  of  the  air,  or,  on  the  other  band,  ex- 
treme humidity,  hinders  repair  by  cork.  2,  By  callus.  This  is 
best  studied  in  leaves  and  in  "  cuttings."  When  a  young,  juicy 
leaf  is  wounded  by  an  incision,  some  of  the  cells  at  the  ox[K)sed 
surface  may  give  rise  to  elongated  sac-like  bodies,  which  fill  up  _ 
the  greater  part  of  the  injured  cavity,  and,  according  to  Frank,*'! 
sen'e  as  a  new  epidermis.  Or  small  cells  in  close  apposition 
may  be  at  once  foi-med,  and  completely  protect  the  tissue  below. 
In  "  cuttings"  the  ealhis  immediately  forms  a  swelling  near  the 
wound.  A  portion  of  ttic  calluH  may  by  continued  cell-division 
extend  over  the  cut  end,  everj^where  bounded  on  its  exposed 
surface  by  a  cork  layer.  Activity  of  the  ceUs  in  the  callus  and 
around  the  fibro-vascular  bundles  soon  gives  rise  to  new  parts, 
for  instance,  roots. 

422.  It  often  happens  under  favorable  conditions  that  a  lai^ 
mass*  of  tisane  is  gradually  formed  around,  and  finally  over,  a 
large  injnred  surface. 

1  ZeneUangaerscheinangea  dea  HoUeii,  Berlin,  187S.     (Quoted  b;  Fruik.) 

*  Die  Pflonienkmnkheiten,  1879. 

'  Umally  when  a  tiranch  dioa  it  remun<t  atlnchpd  for  a  while  to  the  stem ; 
end  no  wound  is  in  tact  caused  until  the  slow  deuccation  ot  the  decpor  tissues 
bus  gone  on  to  n  conaideraMe  extent,  and  without  exposure  to  atnioflpheric 
air  or  outdde  mouture.    yrhea  the  branch  at  lost  liSh  off,  th«  tissues  around 
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423.  LeotlcelB  are  peculiar  breaks  in  the  contiouity  of  the 
periderm  of  dicotyledon  a.  In  some  cases  thej  cau  be  detected 
under  minute  elevations  of  the  epidermis  of  the  first  year,  wliich 
split  open  either  at  the  end  of  that  season  or  during  the  next, 
forming  a  rift  running  lengthwise  of  the  stem.    Througii  this  dell 


underlying  tissnes  appear,  protruding  in  an  irregular  manner, 
the  whole  8tructiii-e  eonstituting  a  lenticel.  According  to  Ktahl,' 
there  are  two  types  of  lenticels  :  1 .  Tbose  with  loose  eells  in  the 
rift,  alternating  with  denser  lines  of  cells.  This  is  the  most 
common  type,  good  examples  being  affoi-ded  by  Alnus,  Prunus, 
^aculus.  etc.  2.  Those  with  closely  united  oelU  and  with  no 
alternating  denser  lines.  Illustrations  can  be  found  in  Sam- 
biiciis  (see  Fig.  118),  Salix,  Cornus,  etc.  The  same  authority 
states  that  in  winter  both  of  these  kinds  form  an  imperviona 
periderm -like  layer.  It  appears  from  Stahl's  examination  that 
in  their  complete  and  open  state  they  aid  in  the  exchange  of 
gases  between  tlie  interior  and  exterior  of  the  stem.     Klebahn' 

itH  hue  uE  in  a  healthy  conciitioii,  whilo  the  [ittemn)  shaft  of  wood  is  dry.  aud 
not  l\Me  to  undergo  mpid  decay.  The  formatioQ  of  a  separative  mua  orer 
the  wood  c*n  therefore  go  on  to  eomplotinn. 

>  Bot  Zcit,  1S73.  Compare  KaberluiJt :  SiU.  d.  k.  Akad.  U'leo,  Band 
IxziL  Abth.  !.,  137G. 

■  Borichte  d«r  deutscfaen  botnnUchea  GcBollschBCt,  1333,  p.  111>. 

Fio.  lU.    SeotlDn 
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h«a  lately  shown  that  even  in  stems  with  the  periderm  fVee 
knllccls,  provision  for  exchange  of  gases  is  secured  by  cei 
InlL-rccllular  spaces  at  or  near  the  points  where  the  meduUai 
rays  come  to  the  periphery  of  the  stem. 

4^4.  Qroftliig.  If  the  cambium  tissue  of  a  joung  shoot 
retained  for  a  time  in  close  appositiou  with  that  of  a  nearij 
rduted  plant,  union  of  the  two  paita  may  lake  place,  and  Um 
wound  may  heal  by  the  natural  proccBS  bofore  described. 
ocss  iu  this  operation  depends  upon  selection  of  suitable  st 
ntid  scion,  choice  of  the  proper  season,  freshness  of  the  cut  soi 
faces,  and,  generally,  exclusion  of  air  from  the  wound.  The 
methods  of  bringing  the  surfaces  of  the  stock  and  scion  together 
in  this  operation  of  grafting  are  innumerable,  but  for  the  pres- 
ent purpose  may  be  referred  to  two  principal  tj-pes :  (I)  that  in 
which  the  scion,  wholly  separated  from  the  plant  on  which  it 
grew  as  a  branch,  is  placed  in  some  sort  of  a  cleft  of  the  plant 
which  is  thenceforth  to  furnish  it  with  nourishment ;  (2)  that  in 
which  the  scion  is  still  retained  in  its  connection  with  the  parent 
plant,  but  is  bent  over  and  a  fVeshly  cut  surface  kept  in  contact 
with  a  cut  surface  of  another  plant,  until  the  scion  has  fairly 
become  attached  by  organic  union.  When  this  is  accomplished, 
it  is  cut  off  from  the  parent  plant.  This  type  of  grafting,  in  its 
many  varieties,  is  known  as  "  approach  grafting."  It  takes  place 
in  nature,  as  shown  in  the  following  paragraph. 

425.  Two  branches  of  one  plant  may  become  united  when, 
after  removal  of  a  section  of  bark  from  each,  the  two  denuded 
surfaces  are  kept  iu  apposition  for  a  time.  Such  unions  of  axial 
organs  ai-e  not  i-are.  Occasionally  they  may  take  place  betwt 
two  shoots  at  a  point  near  the  root,  so  that  the  trunk  will  nil 
matcly  consist  of  a  single  deeply  grooved  stem.  The  union  mi 
be  between  two  plants  of  the  same  species,  or  even  between 
plants  of  different  species.  The  attrition  of  two  branches  which 
have  grown  against  one  another  may  suffice  to  wear  off  the  bark 
on  both  down  to  the  cambium,  and  then,  if  their  exposed  surfaces 
are  held  together  for  a  while,  union  will  follow.  Such  natural 
grafts  are  met  with  frequently  at  the  borders  of  forests. 

426.  In  the  kindred  operation  of  budding,  a  bud  with  a  little 
of  the  tissue  behind  it  is  placed  in  a  deft  in  the  bark  of 
stock,  so  that  the  cambium  layer  of  the  two  may  come  into  d< 
contact. 

427.  The  stem  may  be  invaded  by  parasitic  roots  at  any  parti 
and  its  subsequent  development  seriously  affected  thereby.    Sue 
invasions  often  give  rise  to  swellings,  distortions,  etc.,  by  whi( 
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the  structure  of  the  stem  becomes  mach  dUgoised.  In  the  cttse 
of  parasites  like  Phoradeudron,  which  live  for  several  jears,  a 
vertical  section  through  the  stem  of  the  host-plant  shows  bow 
complete  the  union  is  between  the  host  and  parasite.  The  junc- 
tion has  been  well  compared  to  that  which  takes  place  between 
a  scion  and  its  stock,  smce  the  newer-formed  tissues  of  both 
plants  become  perfectly  united,  and  their  subsequent  growth 
goes  on  together. 

428.  The  relations  of  the  root  to  the  stem  are  not  complicated, 
except  as  regards  the  bundles  at  the  "  crown  "  of  the  root,  or  the 
point  where  it  meets  the  stem.  Wbea  the  primary  structure  of 
dicotyledons  in  which  the  liber  of  the  root  is  arranged  in  one 
way  and  that  of  the  stem  in  another,  aa  shown  in  Figs.  *J2  and 
112.  pages  111  and  137,  is  followed  by  the  formation  of  a  true 
cambium  ring,  the  subsequent  growth  of  root  and  stem  is  alike. 
Yearly  additions  are  made  in  the  root  in  the  same  way  as  in  the 
stem;  but  owing  to  tlie  unequal  resistance  exerted  by  the  soil, 
such  increments  are  oltcn  very  irregular. 

Roots  may  be  protluccd  at  any  part  of  a  stem  where  adequate 
moisture  and  warmth  are  furnished ;  but  they  strike  otf  chiefly 
at  nodes,  and,  in  the  case  of  cuttings,  also  at  the  seat  of  injury 
where  the  callus  is  formed.  Such  secondary  roots  form  on  stema 
in  much  the  same  manner  as  root-branches  do  u]xin  roots. 

429.  Ra41mejitarr  and  transformed  branches  present  few  ana- 
tomical difficulties.  In  the  structure  of  a  branch  tendril,  or 
runner,  it  is  generally  easy  to  recognize  the  degree  of  reduction 
which  the  normal  fib ro- vascular  sj-stem  has  undergone.  In  the 
case  of  underground  stems  and  branches  there  are  often  puzzling 
anomalies,  but  they  can  mostly'  be  explained  bj'  the  following 
facts  brought  out  by  Costautin,'  who  has  made  a  special  study 
of  a  lai^e  number  of  rhizomes:  1.  The  epidermis,  if  present, 
is  modified  by  becoming  cutioizod  first  on  its  outer  walls,  where 
it  may  acquire  considerable  thickuess,  and  later  on  its  lateral  and 
internal  walls.  2.  The  cortex  incTeases  either  by  enlai^ement 
of  its  ceils  or  by  their  multiplication,  the  collenchyma  diminish- 
ing or  completely  disappearing.  3.  A  cork-layer  is  sometimes 
produced  at  an  early  i>eriod,  from  different  points  in  the  epi- 
dermis, in  the  cortical  parenchyma,  in  the  endodermis,  in  the 
peripheral  layer  of  the  bundles,  or,  lastlj-.  in  the  liher.  This 
replaces  to  a  great  extent  the  fibrous  layer  which  is  so  com- 
mon in  aerial,  but  never  much  developed  in  underground  stems. 

I  Ann.  diwSc  DBt., 
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4.  The  OOTtex  is  derek^wd  largely  mt  the  Cfxpeiwe  of  the  {Mth. 

5.  There  is  only  slight  lignificsti<Hi  o€  the  ^aneofes.   6.  There  is 
a  great  aocamulatioo  of  reserve  materials. 

430.  The  relations  of  a  branch  to  the  main  axis  o€  the  stem 
seldom  present  any  histc^ogical  difficoldeSy  the  tissues  of  the 
former  being  continnoos  with  those  of  the  latter.  When  a 
branch  breaks  off  close  to  the  stem,  and  the  porti<Hi  remaining 
becomes  buried  by  stem-tissaes  which  are  subsequently  produced, 
a  knot  is  formed. 

431.  Steas  of  rasealar  crjptogaMS.^  The  following  outline 
indicates  the  principal  points  of  difference  between  the  stems  of 
Fbsnogams  and  those  of  Ferns,  Equisetaoeae,  and  their  allies. 

I.  In  vascular  cryptogams  the  fibro- vascular  bundles  are 
closed  and  as  a  rule  are  concentric.  1.  In  Equisetum  they  are 
slender  and  are  arranged  in  a  circle.  From  the  median  line  of 
each  tooth  of  the  ^^  sheath  **  (see  Gray's  Manual)  a  fascicle  de- 
scends perpendiculariy  throng  one  intemode  and  divides  at  the 
one  below  into  two  branches,  which  unite  with  the  lateral  ones 
next  to  them.  2.  In  Osmundacese  the  arrangement  of  the  con- 
stituent parts  of  the  central  cylinder  is  not  unlike  that  in  certain 
Coniferae.  3.  Lycopodiaces  have  the  bundles  largely  dependent 
upon  the  arrangement  of  the  leaves,  but  the  axial  cylinder  is 
essentially  cauline.  4.  Ferns  proper  ma\'  have  (a)  an  axial  cylin- 
der, or  {b)  several  concentricall}'  curved  bundles.  In  either  case 
there  mav  also  be  isolated  and  rather  slender  bundles.  In  both 
cases  above  mentioned  the  bundles  coalesce  to  form  a  very  com- 
plicated network,  which  apparently  is  not  dependent  for  its  char- 
acter u[>on  the  distribution  of  the  leaves  upon  the  stem. 

II.  In  vascular  cr}'ptogams  the  parench^-ma  in  certain  places 
may  become  largel}'  sclerotic,  forming  dense  and  often  brown 
masses,  the  constituent  cells  of  which  are  sometimes  considerably 
elongated. 

III.  The  epidermis  in  Equisetaceae  is  strongly  silicified.  The 
stomata  in  these  plants  are  in  the  grooves ;  their  development  is 
peculiar  in  that  from  one  epidermal  cell  four  guardian  cells  are 
formed  in  one  plane ;  but  soon  the  two  outer  cells  grow  more 
rapidly  and  crowd  down  the  two  inner  ones,  so  that  the  latter 
afterwards  become  distinctly  below  them.  The  epidermal  cells 
of  Ferns  frequently'  contain  chloroph^'ll  granules. 

432.  Stems  of  mosses.  Here  no  true  fibro- vascular  bundles 
are  met  with,  but  elongated  cells  fill  their  place,  forming  what 

^  De  Bary :  Yergleichende  Anatomie,  p.  289  ei  acq. 
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Las  been  termed  a  fascicle.     Comparison  of  these  threads  —  if  ! 

such  the)-  can  indeed  be  called — with  the  rudimentary  fibro-  I 

yascular  tiuadleB  of  some  water-plants  suggests  that  the  former  1 

are  bundles  of  the  simplest  possible  kind.  I 

The  parenchyma  cells  are  bounded  in  true  mosses  by  smaller,  1 

thicker- walled  cells,  which  do  not  contain  chlorophyll.  I 

THE   LEAF. 

433.  It  was  shown  in  322  that  roots  are  formed  under  the 
Buperflcial  tissues  of  the  stem,  and  have  these  outer  layers,  or 
derivatives  from  them,  as  coverings  during  at  least  a  portion 
of  their  growth.    But  leaves  are  never  thus  covered  by  layers  of   I 
stem-tissue  ;   hence  they   are  termed  exogmous  productions,    I 
while  the  term  endogenous  is  applied  to  the  manner  in  which    I 
roots  are  formed.  I 

434.  DeTclopment.  In  the  earliest  stage  of  its  development 
the  leaf  is  a  mere  papilla  consisting  of  nascent  cortex  (i>oriblem) 
and  nascent  epidermis  (dermatogen).  As  soon  as  the  papilla 
elongates,  or  becomes  flattened,  some  of  its  interior  cells,  making 
Up  procambium  tissue  (sec  315),  differentiate  into  fibro-vascular 
bundles.  But  the  procambium  of  the  nascent  leaf  and  that  of  ' 
the  cone  of  soft  tissue  constituting  the  growing-point  of  the 
stem  arc  in  unbroken  connection  with  each  other;  in  like  man- 
ner the  bundles  which  arc  derived  therefrom  are  continuous,  and 

it  is  not  possible  to  detect  any  line  of  demarcation  between  tliem. 
In  fact,  the  newly  formed  bundles  in  a  young  leaf  appear  as  if 
they  arc  merely  the  slender  prolongations  and  teruinadons  of 
those  in  the  joung  stem.'  I 

435.  With  the  transverse  and  longitudinal  enlargement  of  the 
nascent  lejif  there  is  generally  more  or  less  curvature,  so  that 
the  outer,  lower,  and  earlier  leaves  infold  the  upper  leaves  and 
the  growing-|}oint  of  the  cone.  In  most  eases,  some  of  the 
lower  leaves  which  thus  envelop  the  growing-point  become  modi- 
fled  to  form  protecting  scales ;  such  is  the  ordinarj-  structure  of 
buds  (see  ■'  Structural  BoUny,"  page  42,  fig.  83), 

'  It  Bbould  be  nmemtwred,  howeTer,  that  soma  of  the  buudles  in  tlie  Kem. 
(«M  385)  mitr  ba  derived  from  proriunbium  pecnlinr  to  the  ntem,  and  which 
ilom  not  extend  into  the  leaf.  Hence  it  ia  neceganry  to  distingnish  between 
stem-bnodlea,  comman  bundles  and  Irnf-tmces.  The  fortaer  belong  to  the 
•C«m  alone;  the  common  bonillea  are  common  to  stem  and  leaf;  the  leaf-tracea 
are  leaf-bundles  which  are  in  the  stem  and  which  at  some  point  unite  with 
other  bandies  of  the  same  Idnd  to  form  common  buniUes. 
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436.  The  growth  of  the  joung  Icar  is  plainly  tenninnl  at  firs^^^^l 
'                 — that  is,  new  cells  are  addetl  just  in  front  of  the  older  ones;  bnt 
it  soon  lit-comes  intercalan-  as  well,  new  colls  being  introduced 
1                   between  those  prcvioualj-  existing.     According  to  the  seat  of 
'                 activity,  this  growth  may  be  basipetal  (the  zone  of  growth  beii^^^H 
near  the  base  of  the  leaf-blade)  or  basifugal  (the  zone  near^^^H 
the  apex  of  the  leaf).     In  most  cases  the  base  of  the  leaf-bloiq^^H 
aiid  the  stipules  early  attain  a  good  degree  of  development,  afte^^^^ 
which  the  petiole  appears. 
For  the  purpose  of  noting  the  peculiar  mode  in  which  the  loaf- 
L                 blade  expands,  the  simple  device  suggesled  by  Hales  '  is  perhaps 
1               as  good  as  any.     Through  a  piece  of  stiff  pasteboard  sharp  pins 
1               are  thrust,  and  fastened  at  etjual  distances  from  each  other ;  for 
■                instance,  so  as  to  form  little  squares  of  |  inch  side.    By  this  sim- 
r                pie  instrument  a  young  leaf  is  pierced  tlirough  with  holes  at  equal 
distances ;    then  if  the  leaf  elon- 

1 

gates  more  than  it  widens  in  the 
space  thus  covered,  the  holes  wlUj^^H 
separate   in  the  direction  of  ^b^^^^l 
length  of  the  leaf  more  than  in  tl>^^^H 
of  its  width.    The  injury  done  t^^^ 
the  leaf  by  these  small  perforations            ' 
docs  not  api>ear  to  check  or  others 
wise  much  modirj-  its  growth. 

437.     Flbro-rascDlar     bundles. 
The  distribution  of  fibro- vascular 
bundles   in  leaves   has  been  con-              i 
sidered  in  Vol.  I-,  under  "Vcn«r  ^^ 
Uon."    The  two  principal  types  of  ^H 
distribution  of  the  bundles,  them  ^^H 
spoken  of  as  "veins  "or  "nerves,"  ^^M 
were   shown  to   be    (1)   paralld,,^^^ 
(2)  reticulated.     Par«/W  venatioo^^M 
(see  Fig.  1 19)  is  characterized  by  ^H 
having  lai^e  "veins"  or  "  nerves"            1 
running  free  through  the  leaf  (that 
is,  not  connecting  with  each  other),     i 

sis;  while  in  reticulated  venation  ^^H 
the  veins  form  a  more  or  less  com*  ^^M 
plicated  network.                                 ^^| 

>  ijtatitst  £»w;s,  vol  i.,  1731.  p.  314.                                    ^^H 

I 


438.  Parallel  venation  is  of  two 
principal  kinds :  (1)  that  in  which 
large  nerves  run  in  loog  curves 
trom  tlie  base  to  the  apex  of  the 
leaf;  (2)  that  in  which  smaller 
nerves  run  generally  at  right  an- 
gles fhjia  a  main  nerve  (or  midrib) 
to  the  edges  of  the  leaf.  In  both 
these  kinds  of  parallel  venation 
the  veins  are  more  or  less  con- 
nected by  means  of  inconspicuous 
cross-veinlets  and  by  the  anasto- 
mosing extremities,  but  some  of 
the  veins  may  be  free. 

439.  Reticulated  venation  is 
likewise  of  two  principal  kinds ; 

(1)  palmate  (Fig.  1201,  in  which 
relatively  lai^e  veins  diverge  from 
each  Other  at  the  base  of  the  leaf; 

(2)  pinnate  (Fig.  121),  in  which 
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Bide  vciDB  Btrike  oIT  through  the  whole  length  of  a  etroDg 
In  both  th<330  coaes  the  veius  divide  and  subdivide  and  have 
numerous  cross-connections  both  large  and  smaU,  until  the  ulti- 
mate ramifientiona  (ire  in  great  part  free. 

410,  Thus  it  appears  that  in  both  types  there  is  abundant 
communication  between  the  veins  of  leaves  ;  but  in  some  cases, 
eepccially  in  rudimentary  and  submei^cd  leaies,  in  the  leaves  of 
Coiiifero;,  etc.,  tlie  veins  are  very  generally  free,  and  few  if  any 
cross-veinlets  are  met  witli. 

441.  The  fibro-vaaeular  bundles  of  leaves  are  essenUally 
those  of  stems  (see  365),  and  need  no  special  description  here. 
Their  extremities  are  for  the  most  port  tracheids,  often  arran^d 
in  double  rows,  but  tlicir  diversities  of  structure  and  arrange- 
ment are  innumerable.  One  of  the  more  stiiking  special  cases  of 
these  has  been  already  shown  in  the  illustration  of  &  water-pore 
(f.  Fig.  55) ;  others  will  be  considered  later  (see  '*  Inseetlvorous 
Plants").  The  tracheids  which  terminate  the  final  ramifications 
of  the  veins  in  leaves  are  ui  close  contact  with  parenchyma  cells. 

442.  According  to  Caeimir  De  Candolle,  the  leaf  may  be  re- 
garded histologically  as  a  branch  with  its  upper,  that  is  its 
posterior,  side  atrophied.' 

443.  The  stipules  have  the  same  arrangement  of  elements  in 
their  flbro-vascular  bundles  as  the  blade,  —  that  is,  liber  below 
(outside),  wood  above  (inside).  But  in  ligutes  (organs  which  are 
formed  by  radial  dedu plication)  the  arrangement  is  just 
reveree  of  this, — the  liber  is  above,  the  wood  below. 

444.  Farenchfnia.     The  forms  of  the  parenchyma  cells  whl< 
constitute  the  pulp  of  leaves  are:  (1)  spherical  or  nearly  so 
(2)  ellipsoidal,  sometimes  much  elongated ;   (3)  branched, 
times  stellate.     Examples  of  these  three  are  often  met  with  i^' 
the  structure  of  a  single  leal';  the  upper  Layers  generally  being 
composcil  of  ellipsoidal  cells,  the  lower  layers  of  more  nearly 
ephei-ical  ones,  intermingled  with  some  wliluli  are  branched. 

44.'i.  The  arrangement  of  the  parenchyma  of  the  leaf-bladft! 
is  referred  by  de  Bary'  to  two  chief  types :  (1)  the  centric,  in-' 
which  the  chlorophyll  parenchyma  is  uniformly  dia^x>sed  through;'; 
out  the  whole  organ :  (2)  the  bifacial,  in  which  there  ia  a  de- 
cided difference  between  the  compact  tissue  of  the  upper  and  tha 
spongy  tissue  of  the  lower  side  of  the  leaf. 


aoy^^ 

lOofli 

ei«rYi 


'  Archives  do*  Kiences  de  la  Eibljothitiae  nniTeraelle,  ] 
p.  82,  "uD  timwaa  h  roue  posUrivuri!  Ktn>phii!«." 
*  Verglcicbendo  Anatomie,  p.  423. 
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446.  The  centric  arrangement  has  two  modifications :  (1)  that 
in  which  the  whole  pulp  is  composed  of  chlorophyll  paienciiyma, 
but  towards  its  mid- 
dle plane  has  larger 
ceils  with  less  chlo- 
rophyll, and  Bomo- 
timcs  has  conspicu- 
ous lacuniB  (many 
grasses,  Yucca  fiia- 
mcntosa,  Crossula, 
etc.)  !  (2)  that  in 
which  it  is  com  (josed 
of  layers  whieb  are 
nuirormly  distrib- 
uted alwve  and  be- 
low a  middle  layer 
of  colorless  cells  free 
from  chlorophyll,  but,  in  succulents,  very  rich  in  sap  (Aloe, 
Me8ombr\  anthcmuiD 
etc  )  In  both  the 
forcgoiDg  mod  I  fit.  a 
tions  the  upi>er  la\cr 
ol  the  parcnthj  ma 
may  he  composed  of 
somewhat  longer  cells 
than  those  below  and 
to  them  can  be  applied 
the  term  more  geuer 
all>  given  to  those  m 
thcncxttype  namdy 
pahmde  cells 

447  The  bifacial 
arrangement  has  the 
denser  tissue  iii  that 
part  of  the  leaf  which 
is  exposed  to  the 
light.     This  HHUally  consists  of  several  layers  of  palisade  paron- 


the  pBreuf lijmi 
(ArcacLcmg. ) 


iniu  lAilcIa.    Cnw-Kctinn  »l  ■ 
icl  paranflbymm.    Tl]e  toUed  vail 
n  the  call!  below  tbe  rstia-pMug 
i    (Kny.l 
I.  Traiuvono  »ctloa  of  >  leaf  of  Ilex  Aqulfol 


part  or  tbe  leaf,  ihoi 
I  of  Ibe  psrDneh;oik-( 
M^O-wbero  tbej  hi 
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chyma;  but  the  aggregate  tLickness  of  these  ma;  not  be 
great  aa  that  of  the  spongy  pareDcbjma  on  the  other  side  of 
the  leaf  (see  205). 

448.  In  some  plants  the  palisade  parenchyma  is  found  almost 
aa  abundantly  in  the  under  aa  in  the  upper  portions  of  the 
leaves.  Bessey '  has  shown  that  this  is  the  cose  in  the  leaf  of  the 
Compass  plant  (Silphium  ladniatum)  :  "  Its  chlorophyll- bearing 
parenchyma  is  almost  entirely  arranged  as  palisade  tissue,  so 
that  the  upi)cr  and  lower  portions  are  almost  exactly  identic/al 
in  structure."  Another  ])Iant  possessing  substantially  the  same 
leaf-structure  is  I<actnca  Scariota,  Wlien  its  leaves  are  grown  in 
the  light,  they  take  a  vertical  position  (and  generally  stand  north 
and  south)  ;  but  if  grown  in  the  shade,  they  arc  horizontal. 
The  leaves  H'hidi  are  developed  in  the  light  have  palisade  paren- 
chyma on  both  the  upper  and  under  portions ; '  but  those  whioh 
arc  developed  in  the  shade  have  ordinary'  parenchyma  aboi 
and  more  or  less  stellate  parenehjina  below. 

449.  According  to  Stahl,'  exposure  of  a  leaf  to  light  or  shade 
during  development  has  very  much  to  do  —  in  the  plants  thus 
far  examined  —  with  the  form  and  arrangement  of  its  paren- 
clijiua.  The  leaves  of  the  common  beech  afford  good  material 
for  the  study  of  tlie  subject.  In  some  cases,  at  least,  thosa< 
which  are  grown  in  the  deep  shade  of  a  grove  are  different  Id 
texture  from  those  which  are  formed  in  bright  sunlight. 

4J0.  The"  parenchyma  of  the  petiole  is  generally  much  like 
that  of  the  stem  to  which  it  is  attached  ;  layers  or  Unea  of  thin- 
walled  collencliyma  sometimes  extending  witliout  interruption 
iVom  the  stem  into  the  petiole.  In  the  petioles  of  Cycads  scle- 
rotic elements  like  those  of  the  stem  are  often  abundant,  and  are 
continuous  with  them.* 

451,  In  some  leaves  which  have  the  power  of  movement  the 
petiole  is  much  enlarged  at  its  base,  forming  what  is  known  as 
the  pulvinus.  The  parenohyraa  of  this  structure  is  sometimes 
peculiar  in  l>eing  thick-walled  on  the  upper  side  of  the  petiole 
and  thin-walled  on  the  under.  Other  peculiarities  will  he  d^ 
scribed  under  "  Movements." 


4 


i 


'  8te  ftlao  American  Naturalist,  1877. 

1  Pick  :  Botanischu  CentralbUtt,  18S2,  vol.  li.  p.  411. 

■  Stahl :  Ueber  den  Einlluss  den  Humigen  oder  tchattigeD  Standortein 
die  Auabililang  iler  Lanbbliitter,  Jena,  18S3. 

Haberlandt,  on  the  otbcr  hind,  dops  not  tbink  the  effect  of  light  in 
trolling  the  character  of  laaf-itmcture  is  well  marlted. 

*  KnioB ;  Pringshoim's  Jabrb,,  1865,  vol  St.  p.  305. 
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with  that  of  the 


The  epidermis  of  the  I^af  ia  continuous  « 
stem.  Its  principal  features  have  been  described  in  Chapter  II., 
and  only  the  following  need  now  be  recalled.  1.  It  may  be 
simple,  that  is,  comiiosed  of  one  layer  of  cells  ;  or  multiple,  — 
of  more  than  one.  2.  Immediately  below  it  may  he  found  in 
Borne  cases  one  or  more  layers  of 
cells  known  as  the  hypoderraa. 
3.  The  epidermal  cells  are  in  un- 
broken contact  with  each  other 
extept  at  (I)  rifts,  (2)  water-pores, 
(3)  stomata,  4.  Tlieir  surfaces 
may  exhibit  nearly  every  form  of 
trichome. 

453.  Glands  secreting  nectar 
are  found  on  different  portions  of 
the  leaves  of  various  plants ;  for 
example,  at  the  Junction  of  the 
petiole  with  the  blade  (Poplar), 
at  the  base  of  the  petiole  (Cassia 
occidentalis).  on  the  lower  side  of 
the  midrib  of  the  leaf  (cotton- 
plant),  or  scattered  over  the  lamina 
(turban  sijuash).  Such  glanils  are 
particnlarly  noticeable   in  insec*  ^ 

tivorous  plants,  as  Sarracenia  and 
Noix-nlhes  (see  Fart  II.).  On  making  a  setrtion  of  on 
nectar-glands  found  on  a  yontig  poplar  leaf,  the  epidermis  will 
be  seen  to  he  transformed  into  a  double  layer  of  thin-walled, 
elongated  cells  forming  the  secreting  surface,  which  iB  charged, 
together  with  the  parenchyma  lying  below  it,  with  a  synip  de- 
rived from  the  transformation  of  starch.  At  times  the  secretion 
from  a  gland  is  so  abundant  that  di-ops  of  considerable  size 
collect  upon  the  surface  of  the  leaf,  and  if  rapid  evajjoration 
takes  place,  crystals  of  sugar  are  deposited  at  the  gland.' 

4.'J4,  The  leaves  of  submerged  phienogams.  for  example  those 
of  Potamogeton  and  Myriophylhim,  iKJssess  no  true  epidermis; 
the  parenchyma  is  therefore  in  direct  contact  with  the  surround- 


!  of  the 


1  Trelease :  Nectar  nnil  its  Uses,  in  Report  on  Cotlon  Insects  (United  Stat«i 
Department  of  Agiiculturo,  1879),  and  Sectar-Glnnda  of  Populua,  Botanical 
Gazette,  toL  vi,  p,  K81, 
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!ng  water.  On  the  external  surface  its  thin-walled  cells  are  in 
close  contact  (there  being  nothing  answering  to  stomata) ;  but 
in  the  interior  of  the  leaf  there  are  often  lacunee  filled  with  air. 
These  were  thought  by  Brongniart  to  be  essentially  the  same  as 
those  cavities  found  in  the  parenchyma  of  many  marsh  plants. 

The  veins  of  submerged  leaves  have  no  true  ducts ;  the  elon- 
gated fascicles  generally  consisting  merely  of  rows  of  elongated 
cells.* 

455.  Roots  msLy  be  produced  from  leaves  in  much  the  same 
way  as  they  are  from  stems ;  that  is,  some  of  the  cells  at  the 
liber  may  divide  in  such  a  manner  as  to  form  a  protuberance 
which  pushes  before  it  a  part  of  the  endodcrmis.  As  the  root 
thus  formed  emerges,  the  tissues  are  speedilj'  produced,  the  wood 
being  continuous  with  the  wood  of  the  leaf,  the  liber  with  its 
liber.  Roots  may  arise  naturall}*  in  some  leaves  by  simply  plac- 
ing them  in  contact  with  moist  earth,  or  they  may  be  produced 
artifieiallj'  by  mutilation  of  the  petiole  or  lamina.  Bryophyllom 
calycinum  affords  a  good  example  of  the  former;  Begonia, 
Pepcromia,  etc.,  of  the  latter  mode  of  origin. 

456.  Buds  may  form  spontaneously  on  the  margin  of  leaves, 
especially  those  in  contact  with  a  moist  surface,  or  they  may 
gi*ow  from  the  cells  under  the  scar  where  a  mutilated  leaf  has 
healed. 

457.  In  some  of  these  cases  only  the  epidermal  cells  take 
part  in  producing  the  meristcm  from  which  the  bud  is  developed  ; 
in  others  the  parenchj'ma  just  below  the  epidermis  also  divides, 
or  the  cells  under  the  scar  ma}'  produce  all  the  axial  tissue  ele- 
ments. Begonia  is  an  example  of  the  first  method  of  proiluction, 
Bryophyllum  of  the  second,  Peperomia  of  the  third. 

It  is  interesting  to  observe  that  in  all  these  cases  the  bud  forms 
without  the  intervention  of  the  fibro-vascular  bundles  of  the  leaf. 
The  newly  formed  axis  has  fibro-vascular  bundles,  which  may 
anastomose  with  those  pre-existent  in  the  leaf,  but  usually  they 
arc  entirely  distinct.  The  axis  is,  however,  provided  with  its 
own  roo^system,  and  after  a  time  it  becomes  severed  b}-  a  plane 
of  cork  from  the  leaf  which  produced  it 

458.  Fall  of  the  leaf.  In  deciduous  plants  the  leaf  separates 
fVom  the  stem  or  twig  b}'  the  formation  of  a  plane  of  cells* 
cutting  sharp  1}'  through  the  petiole  at  or  very  near  its  base. 
The  dividing  plane  may  be  partially  formed  early  in  the  growing 

^  Brongniart :  Ann.  des  Sc.  nat.,  tome  xxi.,  1880,  p.  442. 

^  Called  by  Mohl  the  separative  layer  (Botanische  Zeitung,  1860,  p.  1). 
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season,  but  generally  it  is  not  far  advanced  in  devolopmont  nntil 
near  lite  end  of  summer.  The  IcaSets  ol'  the  larger  compound 
h>aves  —  for  instance,  those  of  Ailanthus,  Gym  no  clad  us.  Ja- 
glans,  etc.  —  afford  excellent  matei-iul  for  examining  the  process 
of  defoliation.  Strong  leaves  of  any  of  the  plants  mentioned 
arc  to  be  kept  between  damp  (not  wet)  paper  in  a  wnrm  place 
for  a  number  of  hours,  when  the  formation  of  the  diviiliiig  plane 
can  be  obsencd.  Tho  plane  is  so  far  completed  by  the  end  of 
the  second  or  third  day  that  the  leaflets  fall  with  the  slighu^st 
touch. 

45!).  The  strong  leaves  of  hnrae -chestnut  are  employed  by 
Strasburger  as  material  for  demonstrating  the  process  of  defolia- 
tion. He  aays  that  alcoholic  material  answers  very  well  for  the 
purpose,  but  that  it  happens  occasionally  that  the  distinctive 
brown  color  of  tho  colls  acljoiniug  the  cutting  plane  is  neaih'  or 
quite  lost  The  petiole  is  to  be  cut  through  in  its  median  line, 
itnd  then  several  very  thin  longitudinal  sections  parallel  to  tills 
are  to  be  carefully  made  and  placed  at  once  in  water.  In  a  good 
preparation  the  cells  making  up  tho  cutting  plane  should  be 
clearly  seen  extending  from  the  epidermis  of  the  petiole  to  the 
fibro-Toseular  bundles.  If  the  leaf  was  taken  at  just  the  right 
time,  the  preparation  should  show  also  that  the  cutting  plane 
has  invaded  even  the  tissue  of  the  fibro-vascular  bundles.  The 
plane  conaiata  of  one  to  several  layers  of  cells,  some  of  which 
are  plainly  outinized ;  thus,  as  a  rule,  the  place  of  separation  is  a 
scar  healed  before  the  leaf  falls. 

It  happens  frequently  that  changes  take  place  at  tlie  middle 
portion  of  the  cutting  plane,  by  which  its  layers  near  the  leaf 
are  forcibly  separated  from  those  nearer  the  stem ;  in  such  c 
the  leaf  falls  because  it  is  forced  off.' 

4G0.  The  excision  of  the  leaf  usually  takes  place  at  the  base 
of  the  petiole,  so  that  the  surface  of  the  scar  is  even  with  the 


'  "The  proTisioD  for  the  acpnratioii  bviiig  onvr  oompletv.  it  requires  Utile 
to  effect  ic  :  n  dMiccntion  or  one  Bide  of  tbe  Imf-italk,  by  nLUHing  an  oCTort  uf 
tonton,  will  reailily  break  through  the  Btnall  remainB  of  the  fibro.vaicular  biiu- 
dln  ;  or  tbe  increased  aize  of  tho  ccmitig  Icar-bud  will  snap  them  ;  or,  if  thcso 
cauees  nre  not  iu  operation,  a.  gust  of  wiiiit,  a  henvy  shoirer,  or  even  the 
•inil>le  weight  of  the  lamina,  will  be  enough  to  disrupt  the  small  coiiiiei^tiona 
snd  send  the  suicidal  member  to  its  grave.  Such  is  the  history  of  the  (all  of 
ihelmf,  We  hare  found  thai  it  is  not  an  accidental' occoirence,  amiDK  simply 
fhin  the  vicissitudes  of  temperature  and  the  like,  but  a  ngular  and  vital  pro- 
ceu,  which  eommeDe«a  with  tbe  lirat  ronuatioii  of  the  nr^pin,  and  is  completed 
only  when  that  is  no  longer  Uiteful"  (Dr.  lamau,  iu  Honfrey's  Botanicttl 
Gazette,  vol.  L  p.  61). 
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surface  of  the  stem  ;  but  it  may  occur  a  little  higher  up,  so  that 
some  of  the  petiole  remains  attached  to  the  stem^  (Rubus, 
Oxalis,  etc.). 

461.  Evergreen  leaves  are  those  which  remain  upon  the  stem 
without  much  apparent  change  during  at  least  one  period  of 
suspension  of  vegetation.  The  leaves  of  some  evergreens  per- 
sist through  only  one  year,  falling  off  as  soon  as  those  of  the 
succeeding  year  have  fully  expanded.  It  is  not  unusual  in  warm 
temperate  climates  to  have  trees  and  shrubs  which  are  normally 
deciduous  in  colder  regions  retain  their  leaves  until  new  ones 
are  produced. 

Pines  and  spruces  lose  some  of  their  oldest  leaves  every  year, 
but  new  ones  are  as  regularly'  formed.  Their  branches  are  never 
completelj'  defoliated,  but  may  bear  at  one  time  the  leaves  which 
have  been  formed  during  several  years. 

4G2.  The  colors  assumed  by  leaves  before  they  fall  can  be 
better  examined  after  the  subject  of  the  pigment  of  chlorophyll- 
granules  has  been  treated  in  Part  II. 

4G3.  The  fronds  of  ferns  and  the  leaves  of  their  allies  present 
few  peculiarities,  and  do  not  need  to  be  here  examined.  The 
formation  in  ferns  of  the  «ort,  or  spore-dots,  the  sporangia,  or 
spore-cases,  and  the  spores  themselves  falls  properly  within  the 
province  of  Volume  III. 

464 .  The  leaves  of  mosses  are  characterized  b}'  great  sim- 
plicity of  structure.  For  their  stud}^  any  of  the  species  of  P0I3'- 
trichum,  or  Hair-cap  Moss,  will  answer.  In  these  there  is  no 
true  fibro-vascular  bundle ;  a  series  of  somewhat  elongated  and 
rather  firm  cells,  known  as  the  conducting  thread,  takes  its  place. 
Upon  this  conducting  thread  the  parenchyma  cells  are  distributed 
more  or  less  regularly,  on  one  side  forming  slender  elevations 
four  or  five  cells  in  Iieight.  The  cells  contain  chlorophyll,  and 
generall}'  much  starch.^ 

465.  In  the  thallophytes  there  is  no  clear  distinction  of  leaf 
and  axis  ;  the  tissue  consists  throughout  of  parenchyma  more  or 
less  modified.  In  some  algce  there  is  often  a  lateral  parting  of 
the  frond  into  segments  resembling  leaves ;  but  as  they  .are  not 
leaves  morphologically,  the3'  need  no  further  consideration  here. 


1  For  full  and  interesting  accounts  of  the  changes  wliich  cause  the  fall  of 
the  leaf,  see  Mohl's  paper  in  Botau.  Zeituug,  1860,  p.  1,  and  also  VanTieghem 
and  Guignard  in  Bull.  Soc.  hot.  de  France,  1882. 

2  In  Strasburger's  Botanische  Practicum,  p.  804,  the  student  will  find  a 
full  and  interesting  account  of  the  structure  of  the  leaves  of  Polytrichum  and 
Mnium. 


WORKS  OF  REFEBENCB. 

In  the  examination  of  tlie  tissues  of  the  organs  of  vegetatioo   | 
the  student  is  referred  to  the  fullowing  worlis :  — 

Dk  Baht.  Vergloiehonde  Anatomia  (L«i|i«ig,  1877).  An  octavo  Tolnm* 
of  iiboal  660  piig«9,  of  wliich  an  vxrelleiit  Engliiih  tnuislKtioD  is  newlf  pab- 
!ip>hnl  uniitT  tlie  title,  "  Coinpamtivr  Anatomy  of  the  Vegtitalive  OrgaoB  of 
PhancrogamB  and  FpniB,"  by  A.  Di'Bsry.  Translated  hy  F.  0.  Bob-it  and 
D.  H.  SfOtt,  18S1.  Tbiii  Mhaosliea  ItuntiBe  gives  all  needful  refereDces  to 
Ui«  literature  of  tlie  subject'up  to  I87S. 

Mohl.  Vermisclilo  Selmfluii.  This  ia  a  pollpction  of  Hugo  von  Molil'i 
most  important  works,  which  liuvo  a|ipeari»i  from  tiuJe  to  time  in  vajiQUs 
jouniali. 

SritAiiBiTBOER.  Dai  botauLscho  Frnuticiim  {Jena,  1S84).  Tlib  work,  of 
whicb  an  Engtish  traunlation  U  jiromiijed.  is  of  very  jpvat  use  liotll  to  iKgiuiien 
■ud  advanced  students  of  Histology.  The  directions  (or  prouuring,  pre«erviii^ 
4ad  using  nulelial  are  eipUi^it,  auJ  for  the  most  part  are  conveniently  ar- 
langnl.  The  Toluine,  of  more  than  600  page^  in  diviiled  into  sf  purote  studies 
■ueh  ai  the  structunt  of  the  bast  and  wuod  of  the  pine,  the  anatomy  of  a  few 
common  leaves,  etc. 

OwvEB.  Bibliography  of  the  Stems  of  Dicotyledons  (Naturnl  History  Re- 
riuw,  1S63  and  13S3).  A  citation  ol'  the  more  important  works  on  the  stemt 
of  iliHerent  dicotyledons,  arrangi^  acrordiug  to  th«  natural  fatiiilivB. 

For  a  treatment  of  the  anatomy  of  the  organs  of  aiiuatics  aud  paraaites,  ths 
fully  illustrated  work  of  Cbatin  may  be  consulted. 

Those  curious  to  examine  the  diverse  and  now  mostly  abandoned  views 
regarding  the  growth  and  structure  of  the  stem,  will  Gnd  mach  of  inteccat  U 
tho  works  of  Du  Petit  Thouars  and  of  Gaudiuhaud.  An  account  of  these  and 
other  views  will  be  foand  in  Schle idea's  "  Priaciples  of  Botany  "  {1349). 


CHAPTER  IV. 

MINUTE    STRUCTURE    AND    DEVELOPMENT    OP    THE 
FLOWER,  FRUIT,   AND   SEED. 

THE   FLOWER. 

466.  In  Volume  I.  Chapter  VI.,  it  has  been  shown  that  a 
flower  is  to  be  regarded  as  a  modified  branch  with  very  short 
intcrnodes  and  with  the  foliar  expansions  assuming  forms  unlike 
those  of  ordinary  leaves.  In  the  outer  circle  —  the  calj'x  —  the 
parts  have  frequently  the  texture  and  color  of  foliage ;  but  in  all 
the  other  circles  of  the  flower  they  are  notabl}'  metamorphosed. 
Notwithstanding  their  disguises,  the  parts  of  the  flower  are  iden- 
tifiable as  leafy  structures  arranged  upon  an  axis.  On  the  care- 
ful examination  of  flower-buds  the  homolog}'  between  all  their 
parts  and  those  of  a  leaf-bud  becomes  evident  In  fact,  in  their 
earliest  state  it  is  impossible  to  discriminate  between  these  two 
kinds  of  buds.  Each  has  a  rounded  or  cone-like  extremit3', 
upon  which  are  disposed  at  definite  points  the  papillae  which  are 
to  develop  into  foliar  organs.  In  one,  these  papillae  become 
green  leaves ;   in  the  other,  the  parts  of  a  flower. 

4G7.  Two  features  in  the  development  of  flowers  require 
special  attention  ;  namely,  the  sequence  in  which  the  organs  are 
produced,  and  the  order  in  which  the  histological  elements  make 
their  appearance.  But  it  is  not  well  in  any  given  case  to  under- 
take the  examination  of  the  development  either  of  the  organs  or 
of  the  tissues  which  compose  them,  until  the  student  has  made 
himself  familiar  with  the  characters  of  the  full-grown  flower. 

4G8.  Undeveloped  racemes  afford  the  best  material  for  the 
stud}'  of  the  developing  organs  of  the  flower,  and  it  is  generallj- 
possible  to  find  in  a  single  30ung  cluster  flowers  in  all  the  earlier 
stages  of  development.  There  are  two  good  methods  of  pre- 
paring the  material  for  the  compound  microscope :  (1)  the  whole 
raceme,  first  decolorized  b}*  absolute  alcohol  and  then  softened 
by  glycerin,  is  to  be  dissected  under  a  simple  lens,  and  the  sepa- 
rate flowers  are  to  be  bleached  with  sodic  h3pochlorite ;  or  (2)  the 
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very  tip  of  tbe  raceme  is  to  be  eut  squarely  across  nud  placed 
wilb  a  drop  of  water  under  a  yovor-glass,  wlieii  aoinc  of  the  joiing- 
rst  flowpi's  can  be  eecu  ciiber  stucding  veitically  or  slightly  in- 
clioed.  TUeaircaiibcdrann  ^^H^_^^^. 

out  fmin  tbe  specimen  by 
placing  the  slide  fur  a  min- 
ute under  the  air-pump ;  tlie 
outllues  of  the  Iluriil  organs  , 
will  then  be  dietiuct. 

460.  A  still  better  method 
ia  to  make  tolerably  thick 
vertical  sections  of  separate 
flowers,  one  of  which  ia 
each  flower  must  be  through 
th«  median  line  ;  and  then, 
arranging  the  sections '   in 

iheir  proijer  sequence,  clear  them  for  examination  either  by  the 
ose  of  potassic  hydrate  (as  directed  in  24),  or  by  the  following 
method,  recommended  by  Stras- 
burger  as  applicable  to  man}'  eases 
of  thick  masses  of  soft  tissues: 
Treat  the  part  first  with  absolute 
alcohol  for  a  day  or  two,  aud  thea 
place  it  in  concentrated  carbolic 
acid,  after  which  it  becomes  clear. 
For  the  carbolic  acid  either  of  the 
following  may  be  substituted, — 
(1)  tliree  parts  of  oil  of  turpen- 
tine and  one  part  of  creosote,  or  (2)  e(]ual  parts  of  alcohol  and 
creosote. 

By  any  one  of  these  methods  it  is  generally  possible  to  obtain 
preparations  of  solflcient  clcainess  to  exhibit  in  optical  section 
all  the  iutcrunl  tissues. 


>  PTpITi'T  4dvises  that  the  jaung  flowers  ahould  flnt  be  tingeil  Kith  Mlilm 
Uoa.  ui<l  then  iuiUildnl  ic  a  iCroug  solution  of  gum-urnbic  (to  whioh  ■  little 
f^janin  bu  beeo  adJoii  to  prevriit  brilUeDesa  of  the  mau  on  ilryiog).  Then, 
whu  ths  gam  is  dry,  sectjoaa  can  be  essi);  cat  in  tnj  direction.   , 


Fw.  138.  LjdmachUqnadiilblia.  Flnwer  iH 
Ilqnd)',  Um  cbIii  being  remnTed.  Al  t1ii>  purl 
•Mtwseil  t  )p.  pli»  where  tlio  eiclMil  aepitl*  ner 

tut.  \2e.  LyidnuKhlit  i|iijulrir.>liit.  TUn  lon^ 
■moTk  anwcr.  In  wliloh  tbe  oncaiii  are  boEliinlTi 
mlfx.  —  wdII  u  ImOitb  IM  tiilwi,  ndl-JlTuIun  ban 
Ue(,B.Mulx.    iFf^er.) 


le  mrolU  have 
men.    IPtBrTer.l 
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470.  The  fully  grown  flower  of  Ljsimacbia  qnodrifolia  ia  thus 
characterized:  Calyx  hvpc^-nous,  deeply  6-parted,  the  lobea 
valvatc  or  verj'  slightly  imbricated  in  the  bud ;  corolla  hypogj- 
Dous.  wheel- Bhape<1,  and  deeply  5-partcd  with  hardly  any  tube, 
its  lobes  convolute  in  the  bud ;  no  teeth  between  the  lobes  of  the 
corolhi ;  lobea  of  the  corolla  longer  than  the  narrow  htneeolat« 
lobea  of  the  calyx ;  Btamena  of  unequal  length,  plainly  onited  at 
tbe  base,  inserted  opposite  the  lobes  of  the  corolla,  glandular ; 
anthers  barely  oblong ;  ovary  one-^setled,  Burmonated  by  an  nii- 
divided  style  and  stigma,  and  containing  10-15  ovules  on  a 
central  placenta. 


Fig.  126  shows  the  appearance  of  a  very  young  flower  of  this 
species ;  on  the  rounded 
or  somewhat  flattened 
apex  of  the  axia  minute 
elevations  are  seen,  the 
outer  being  the  nascent 
sepals.  Fig.  127  showa 
I  the  flower  in  a  more  ad- 
vanced stage.  Fig.  128 
representsaportiononlj-, 
the  right,  in  a  still  more 
advanced  comlition. 
Fig.  120  exhibits  all  the 
organs  of  the  flower,  so 
far  (IS  they  can  be  shown 


^  fL^^^ 


j-yj 


Fia.  IZT.  LriirDKhia  ijaadrlfollft.  A  londiuilLnal  s«tlnn  Ibmi 
■hat  mora  Bitmnrecl  lh»n  In  Fig.  I2S:  IbelcIletK  *re  IhoBamamfn 

FI0.12S.  I.y.imacMa  (insilrifoll*.  Lonidtuilltial  iwetloii  Ihroueh  ! 
■■  contLilorabl]'  tulvuiceil  before  tbe  Bppearuice  of  tbs  pelali:  il 
where  Ibo  petal*  will  Krpear.    (ITeffer.) 

Fin.  1S9.  LynlloaebliKiHaiirirulU  Alonfrttniifnal  Mcllnn  tbmun 
all  tbe  OTirani  nro  iroll  ileTeliitiod.  bikI  sven  (be  tarIK  of  ttio  r[iiii  bv 
lohes  are  lo  cnaleeco  bave  bsgun  to  rtow  ;  up.  «ei>»l :  p.  petal,  nr  con.ll 
g,  nvary ;  r,  placenta ;  »p. ».  anil  p.  u,  Uia  Uisue  uniUntf  the  parts  of  tb 
mpcctlielj.    (rfeffer.) 


in  a  single  lon^tudioal  section, 
gives  a  clear  idea  or  the  8e<jaeQcic  in  whicti  (he  orgBiw  imks 
Lbeir  appearance;  oamel^',  in  aciopetal  succesMOO,  —  tbst  is, 
tlie  younger  or  newer  are  always  nearest  tbe  eiXtaaitj. 

471.  Aeoortling  to  Payer,  the  sepals  always  precede  tbe  petak, 
the  (Kitala  the  stamcna.  and  tlio  stamens  tlkC  pislib.  in  time  of 
appearance.  But  in  a  few  cases,  or  wbtcti  Lystmscbia  ts  one, 
it  amy  happen  that  a  given  circle  of  o^ans  b  somewtnt  de- 
layed in  forming :  for  instance,  in  the  Gguiea  tbe  itameiH  an 
seen  as  consi^leraMe  protuberances  before  tbe  petak  are  dcxriy 
outlinecL  This  fact  has  been  considered  by  eome  to  indJote 
tliat  the  corolla  in  suoh  cases  consi&ts  of  an  uitercalatcd  wbod 
between  two  other  whorls  already  somewhat  tlereloped.  Bol  • 
careful  exammaliou  of  Lyaimachia  aud  most  other  c 


I 


nther  that  the  petals  or  the  corolla- lobes  are  laid  down  in  tlwir 
proper  se(|uence,  but  that  they  are  temi^rarily  ouUtripped  by 
tbe  seiMils  and  tbe  stamens. 

Tlie  apiwaranee  of  the  forming  flower  when  seen  in  vertical 

ilion  is  shown  in  Fig.  130,  and  a  perspective  view  la  (;ivi:n 

l-1g.  125,  exhibiting  the  late-appearing  petals  and  tbo  inudi 

;er  stamens. 

472.    Since   Iho  several  ot^ans  of  the  flower  are  m<Klill<'il 

leaves  ayrametrically  arranged  on  an  asis,  the  bistoluifitiil  con- 

eUUients  of  a  leafy  branch  will  he  found  in  the  flower,  n|l»'ll, 

inch  modiflcd  in  some  of  their  characters.     These  eoiMliliii-nU 

(1)  a  framework   of  fihro vascular  tiaoae,  n[)on  wbli^U  la 

:t«oded  (2)  parenchyma,  covered  by  (.^)  epidermla. 

l-yilmuhln  flaKlrifolin.  LongiluiiliuJ  Hvlloa  Ibmuidi  ■  Howdt  l»  •lilnlt 
■iOnoU*)*  JiiB[iiii[ieiiring.  Tbe  elcrmtlon  on  Uie  right  hu  tiwn  ml  llirnii|1i  ■moilf 
I0W  nntUn  llns.  vbilo  Uutt  on  Ibe  leftliu  bna  cot  on  lu*il(s.    I«ti«r»  ilio  uui>  W 
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473.  The  flbro-THflCiilar  bundles  of  the  flower  are  essentially 
the  same  as  tlie  collateral  bundles  found  in  ordinary  green 
leaves,  except  that  their  elements  are  usually  more  delicate  in 
texture,  and  in  the  inner  whorls  of  oi^ans  very  much  reduced. 

474.  The  parenchjuia  calls  for  no  special  remark  beyond  allu- 
sion to  the  fact  that  some  one  of  the  different  kinds  of  internal 
glands  is  frequenti}'  associateil  with  it. 

475.  The  epidermis  has  stomata,  —  which  are  generally  rudi- 
mentary, —  and  most  of  the  forms  of  trichomes.  One  of  the  most 
interesting  peculiarities  of  structure  presented  by  the  parts  of 
the  flower  is  found  in  the  papillar  outgrowths  alluded  to  in  222. 
Those  are  of  course  minute  and  short  hairs,  which,  owing  to 
their  abundance,  impart  a  velvety  appearance  to  the  part  on 
which  the^'  occur.  This  appearance  is  well  shown  by  the  petals 
of  a  very  large  number  of  the  flowers  most  common  in  cultiva- 
tion. 

47G.  The  cuticle  of  the  epidermal  cells  of  the  more  delicate 
petals  is  sometimes  veiy  distinctly  striated  in  an  irregular  man- 
ner.    The  walls  of  the  cells  generall}'  have  a  sinuous  outline. 

477.  The  colors  of  petals  and  other  colored  parts  of  the 
flower  are  dependent  either  on  the  presence  of  corpuscles 
(the  colored  plastids)  or  of  mattei*s  dissolved  in  the  cell-sap. 
The  following  account  of  the  coloring-matters  in  the  very  com- 
mon Viola  tricolor  is  condensed  from  Strasburger. 

A  vertical  section  through  a  petal  exhibits  the  epidermis  of  the 
upper  side  as  consisting  of  elongated  papilhe,  while  that  of  the 
lower  side  has  on!}-  slightly  rounded  ones.  Just  below  the  epi- 
dermis of  the  upper  side  there  is  a  la3'er  of  compact  cells,  under 
wliieh  are  several  rows  of  smaller  cells  with  conspicuous  inter- 
cellular spaces.  The  cells  of  the  epidennis  of  both  sides  contain 
violet  sap  and  yellow  granules  ;  the  layer  of  compact  cells  under 
the  epidermis  of  the  upper  side  contains  onl}'  yellow  granules. 
The  striking  diversities  in  color  presented  b}'  different  parts  of  a 
given  petal  depend  wholly  upon  combinations  of  these  two  ele- 
ments of  color ;  namely,  violet  sap  and  yellow  granules.  In 
some  places  which  are  devoid  of  either  of  these  elements  there 
are  white  spots ;  at  these  places  the  light  is  refracted  and  re- 
flected by  the  intercellular  spaces  which  contain  air.  If  the  air 
is  removed  by  pressure,  the  spots  will  become  transparent. 

478.  The  cell-sap  in  the  parts  of  the  flower  may  have  almost 
any  color,  especially  shades  of  red  and  blue ;  from  this  sap  the 
coloring- matter  sometimes  cr^'stallizes  in  the  form  of  short  and 
slender  needles  ;  for  instance,  in  Delphinium  Consolida. 
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479.  DeTeloptnent  of  tbe  tttampax.  Tlic  following  outliuc  mny 
serve  as  an  introduction  to  the  etinly  of 
tlie  tlevclopiDfnt  o{  tlic  stamens.  At 
first,  the  stamen  csista  as  n  mass  of 
boinogoneous  parencliyma ;  later,  a  del- 
icate fnscicle,  contimious  nitli  one  in  tlie 
filament,  becomes  cliircrentiat«cl  in  one 
Itart  or  the  stamen,  tbc  conneotire.  Fonr 
longitudinal  ridgps  appear  on  the  an- 
ther, which  coineide  wit4»  four  lines  of 
lai^e  cells  within.  These  eells  give  rise 
to  the  mother-cells  of  tlie  imilen  and  to 
the  very  delieatc  pollen -sac.' 

4fO.  The  niollicr-cells  of  the  pollen 
have  at  first  tliin  nails,  hut  later  these 
become  irregularly  thickened.  In  a 
large  number  of  cases  —  many  mono- 
colyleilons,  and  most  if  not  all  dicoty- 
ledons —  the  nucleus  of  a  mother-cell  divides  into  two  nuclei, 
which  themselves  divide 
at  right  angles  to  the 
plane  of  the  first  division. 
thus  producing  fonr  nuclei 
forming  a  tetrahedron. 
Cell-walls  ai-P  next  fonned, 
and  four  cells  are  pro- 
duced, which  are  called 
the  Mm'/.  After  the 
mother-cells  of  the  pollen 
have  been  changed  into 
tetrads,  the  mass  of  pro- 
toplasm in  each  of  the 
cells  of  a  tetrad  becomes 
covered,  as  Strasburger 
has  shown,  with    a  new 

'  The  cella  which  mnko  up  the  layer  Tonning  the  poUcn-Bw^  ore  known, 
collectively,  a*  Ihe  ^rcAft^wriain.  Tlie  epitbvUuni  which  lines  tbe  poUen-sao 
hu  b««ii  tennni  the  Tapitun. 

Fm.131.  .OrcliliniiiffliUu.  A  TxlIon-niHii  In  | 


oDiHlol  b;  ■  thh;l(«nn1 


h«r  of  Symiihytnni  arten'ale; 
tl  r  ahnw  Iha  tinrl  Ukim  (lir  09 
Dltara    (WamlDg-l 
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cell-wall,  the  proper  cell-wall  of  the  pollen-grains.  This  wall 
may  be  variousl}'  marked,  sculptured,  and  cuticularized,  giving 
rise  to  the  characteristic  forms  and  features  of  the  grains  as 
they  arc  met  with  in  the  mature  flower.  In  gymnosperms,  the 
development  of  pollen-grains  differs  fh>m  that  described  in  some 
particulars  which  are  interesting  chiefly  from  their  resemblance 
to  what  occurs  in  the  higher  cr^'ptogams. 

481.  The  stigma  is  a  surface  formed  of  peculiar  cells  which 
secrete  a  \iscid,  saccharine  matter,  slightly  acid  in  reaction.  In 
some  cases  the  walls  of  the  stigmatic  cells  undergo  the  mucilagi- 
nous modification  (Solanum,  etc.)*  The  wide  differences  which 
exist  in  the  character  of  the  cells  of  the  stigma  are  illustrated  by 
the  following  examples :  (1)  cells  with  no  marked  papillae,  as  in 
Umbellifene;  (2)  papillose,  as  in  Salvia,  Convolvulus,  Spiraea; 
(3)  hairy,  as  in  Hypericum,  Geranium ;  (4)  with  compound  hairs, 
as  in  Reseda.  In  some  of  the  above  the  cells  are  rather  loosely 
a<igregateil,  while  in  others  the\'  are  much  more  compactly  com- 
bined. Below  the  stigma  the  style  often  has  collecting  hairs,  as 
in  Composite,  Campanulaceae,  etc.  (see  Volume  I.  page  222). 

482.  The  style  is  a  prolongation  of  the  ovary,  and  shares  with 
it  its  fascicular  svstem.  In  the  interior  there  is  a  slender  thread 
of  loose  tissue  made  up  of  thin-walled  cells  containing  consider- 
able food-material,  starch  or  oil,  etc.  The  cell-walls  often  pass 
into  the  mucilacrinous  condition.  The  stjie  is  sometimes  tubular, 
and  lined  with  the  tissue  just  described. 

483.  The  simple  ovary  is  a  modified  leaf-blade  provided  with 
epidermis,  parenchyma,  and  a  fascicular  system.  The  epidermis 
of  the  outside  of  the  ovary,  and  that  which  lines  its  cavity,  may 
have  all  the  characters  of  ordinary  epidermis  ;  stomata  and  hairs 
may  be  present,  the  latter  often  being  mere  papilhe,  which  upon 
the  ripening  of  the  ovary  into  the  fruit  become  long  hairs. 

484.  In  the  interior  of  the  ovary  there  is  frequently  a  pecul- 
iar modification,  either  of  the  epidermis  itself  or  of  the  sub- 
jacent parenchyma  as  well.  In  such  cases  very  loose  tissue, 
sometimes  appearing  as  if  composed  of  felted  hairs,  lines  the 
cavity  of  the  ovar}'  (or  is  found  at  some  one  portion  of  it).  The 
walls  of  this  tissue  ma\'  undergo  the  mucilaginous  modification 
either  in  whole  or  in  part.  Its  cells  contain  a  considerable 
amount  of  food -materials  (oil  and  starch).  This  loose  tissue, 
toj]:ether  with  that  of  the  same  character  found  in  the  style,  is 
known  as  conductive  tissue,  and  serves  as  a  path  of  least  resist- 
ance for  the  penetrating  pollen-tube  (see  Part  II.). 

485.  The  distribution  of  the  fibro-vascular  bundles  in  ovaries 
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[s  of  much  interest,  and  can  beet  be  examined  under  the  tiro 
heiuls  of  "Simple  Pistils"  and  "Compound  FiatilB." 

48G.  Simple  Platilg,  The  fibro-vascular  bundle  consists  of 
wood  and  liber  running  tlirough  ibe  median  line  of  the  carpellary 
leaf,  —  that  is,  through  the  dorsal  suture.  Two  branches  are 
given  otT  by  this  bundle  not  far  from  tlie  base  of  the  leaf,  near 
its  two  united  margins,  —  that  is,  at  the  ventral  suture. 

4K7.  The  folded  carpellury  leaf  lias  ineur\-cil  margins ;  so  tliat 
whiilever  tlic  arrangement  of  the  wood  and  liber  may  be  in  the 
median  lino  of  the  leaf,  the  reverse  will  Ijc  found  at  the  mai^na, 
Thus  in  each  of  the  three  caipels  shown  in  Fig.  133  a,  the  fibi'o- 


vaspular  bundle  nnining  throngh  the  doraal  suture  has  liber  on  Its 
outside  (the  unshaderl  |)ortion)  and  wood  on  its  inside  (the  dark 
poition).  But  in  each  of  its  branches  at  or  near  the  ventral 
suture  liber  occurs  on  the  inside  (that  is,  nearest  the  centre  of 
the  flower)  and  wood  on  the  outside. 

4XS.  Compoimd  Fistlls.  If  several  carpels  tinite  to  form  a 
compound  ovary,  the  same  inversion  of  the  order  of  the  parts  of 
the  bundles  (as  shown  in  Fig.  133  a)  will  be  seen  when  the 
bimdics  at  the  centre  of  such  an  ovary  arc  compared  with  thoae 
St  its  periphery  (see  diagrams  b  to^/",  Fig.  133). 

Fio.  133.  Tramverw  section  of  tniwrinr  onrla.  showing  the  arrongemsnt  of  tha 
abm-r«»ciilar  bunMles  of  Larpela:  n.  Brantlill  liyemiiLiB;  *,  HjMlnlhm  nrlrawltaj 
e.  Tall[<a  Ocunerlona  i  d,  Impktlen*  tdccmla;  (,  Aaag»lllt  u^en^;/,  Ljchnli  dlolnk 
iVta  Tlaataim.} 
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489.  But  if  the  ovaries,  instead  of  being  saperior,  as  those  in 
Fig.  133,  are  iuferior,  as  those  ia  Fig.  134,  flirthor  compIicatioDa 
are  caused.  The  fibro-vaseular  bundles  of  the  several  floral 
whoris  united  with  tlie  pistil  are  distributed  in  circles  in  the 
parenchyma  tissue  of  tlie  ovary.  Thus  in  Fig.  134  a,  we  find 
five  such  circles,  corresponding  to  the  calyx,  corolla,  stamens, 
and  dorsal  and  veatral  sutures  of  the  carpel.  The  bundles  in 
Fig.  134  a  are  arranged  in  radial  lines  trom  the  centre  outwards ; 
the  six  bundles  nearest  the  centre  of  the  ovary  are  those  of  the 
ventral  sutures,  and  have  wood  outside  and  litter  inside ;  in  the 
next  circle  the  three  with  reverse  arrangement  of  elements  are 
those  of  the  dorsal  sutures  from  which  the  bundles  Just  spoken 
of  branched.  In  Fig.  134  6,  all  the  fibro-vascular  bundles  save 
those  of  the  car^tels 
are  united  to  form  a 
single  circle,  thus  giv- 
;  rise  to  the  three 
circles  of  bundles 
seen  in  the  cross- 
section,  and  at  the 
base  of  the  ovary 
even  these  did  not 
exist  separate.  In 
Fig.  134  c,  the  bun- 
dles of  all  the  floral 
whorls  are  blended 
for  a  considerable 
height  in  the  oiary ; 
finally,  the  humltea 
of  the  ventral  sutures 
become  separated 
from  the  rest,  which 
continue  united 
throughout,  forming 
the  lai^c  bundles  seen  on  the  periphery  of  the  osnry  in  Fig. 
1.34  c.  The  .iri-anf;ement  of  the  bundles  in  this  figui'e  should  be 
compared  with  thnt  in  Fig.  133. 

400.    The  structure  of  tlie  peduncle  and  the  pedicels  is  sub- 
stantially the  same    as  that  of  tlie  stem,  and  the  structure  of 


uTla  Uuiiiled.    (Van  TtogLen 
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the  bractfi  b  much  like  that  of  the  leaf;  therefore  these  need  not 
be  specially  considered  here.  * 

491.  Ovules  arc  normally  formed  at  definite  points  or  lines 
upon  the  ovarian  wall,  trhiuh  answer  to  the  edges  of  the  caqwl- 
larj'  leaves.  The  ftmiculus  arises  as  n  slight  elevation  pi-oduced 
by  the  multiplication  of  a  cell  or  a  gronp  of  cells  under  the 
epidermis;  in  tlic  centre  of  this  elevation,  and  also  under  the 
epidermis,  fiirtlier  development  produces  a  spheroidal  or  cone* 
like  moss,  —  the  nncleiis.  Then,  a  little  lat«r.  cells  at  the  Ixise 
of  the  nucleus  l>egin  to  produce  a  cylinder  (the  inner  integu- 
Dienl),  and  shortly  alter,  a  second  one  is  formed  below  and 
outside  this  (the  outer  integument).  Subsequent  development 
carries  the  outer  integument  quite  np  and  around  the  inner  one, 
and  the  uucIcds;  leaving  a  small  opening  (the  foramen).  For 
peculiarities  in  the  morphology  of  the  ovule,  and  for  cases  in 
which  one  or  both  integuments  may  be  wanting,  see  Volume  I. 
page  278. 

4fl2.  The  funiculus  has  a  collateral  lib ro- vascular  bundle, 
having  its  median  plane  coincideut  wilb  that  of  the  ovule.    The 


bnndie  is  suiTOundcd  by  pnrenchjra.i  and  epidermis.     It  is  IVe- 
qnonlly  prolonged  into  the  integiiraenta,  being  there  more  or  less 


Fin,  135.    DerelDiiinen 


«  UMta  o/  DDcleiu,  to  be  (lEwrtlicd  lu  P»rt  U 
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THE  FRUIT. 

493.  The  fk*uit  is  the  ripened  pistil.  But,  as  shown  in  Vol- 
ume I.,  '^  it  is  a  loose  and  multifarious  teim,  applicable  alike  to 
a  matured  ovar}-,  to  a  cluster  of  such  ovaries,  at  least  when 
somewhat  coherent,  to  a  ripeued  ovary  with  calyx  and  other 
floral  parts  adnate  to  it,  and  even  to  a  ripened  inflorescenoe  when 
the  parts  are  consolidated  or  compacted." 

494.  Histological!}'  considered,  fruits  present  few  difficulties, 
although  the  changes  in  form  which  a  pistil  undergoes  as  it  ripens 
arc  not  greater  than  the  changes  which  it  ma}'  suffer  in  minute 
structure.  These  histological  changes  are  referable  to  a  few 
simple  kinds :  (1)  a  great  development  of  sclerotic  elements,  seen 
in  the  harder  drj'- fruits  and- in  the  putamen  of  all  stone-fruits; 
(2)  a  large  increase  in  the  amount  of  soft- walled  parenchyma, 
containing  sap,  as  in  the  pulp  of  all  fleshy  fruits ;  (3)  a  consid- 
erable development  of  color,  especiall}'  in  the  superficial  parts. 

495.  Sections  to  exhibit  the  structure  of  the  very  hard  parts 
of  fruits  are  made  most  easily  b}'  carefuU}'  grinding  the  parts 
on  a  line  oil-stone.  First,  a  fragment  of  the  hard  shell  of  a  nut 
or  of  the  putamen  of  a  drupe  is  obtained  b}'  means  of  any^  strong 
cutting  instrument,  and  a  flat  surface  parallel  to  the  plane  of 
the  section  desired  made  by  a  clean  file.  On  a  glass  slide  a 
drop  of  Canada  balsam  is  placed,  and  heated  until  the  more 
volatile  portion  is  expelled  (see  111).  Then  the  flat  side  of  the 
object  just  prepared  is  held  upon  this  balsam  until  the  latter 
becomes  cool  and  hard ;  and  when  thus  securely  fastened,  the 
specimen  is  rubbed  down  on  an  oil-stone  to  any  required  de- 
gree of  thinness.  It  is  removable  from  the  slide  bj'  oil  of 
turpentine,  and  can  afterwards  be  mounted  in  a  fresh  portion  of 
balsam  or  of  benzol-balsam  (see  112). 

49 G.  The  contents  of  the  parenchyma  cells  of  fruits  depend 
very  largel}'  on  the  degree  of  maturity  of  the  fruit.  Changes  in 
the  contents  go  on  from  the  formation  of  the  fruit  until  it  is  fully 
ripe.  In  some  of  the  more  common  cases  these  consist  largeh- 
in  the  production  of  various  sugars,  especiall}'  that  which  is 
known  as  fruit-sugar ;  and  organic  acids,  for  instance,  citric, 
tartaric,  and  malic  acids.  A  consideration  of  these  changes 
belongs  to  Part  II. 

497.  The  coloring-matters  in  fruits,  like  those  in  flowers,  are 
either  color-corpuscles  (chromoplastids),  or  substances  dissolved 
in  the  cell-sap.  In  a  few  cases  the  walls  of  the  cells  them- 
selves have  more  or  less  color. 
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498.  Tbe  berries  of  a  common  house-plant,  Solanum  Pseudo- 
CSpKicuo).  furnish  eseclleut  material  for  llie  examination  of  the 
coloring-inaUers  of  fiuits.  The  fullowiug  account,  coadensed 
ttom  Kratis,'  will  show  the  essential  charactera  of  the  color- 
granules  in  this  case,  and  it  should  be  compared  with  what  has 
been  already  said  about  the  etmcUire  of  chloroplijll  granules 
and  leucoptastids  (168  et  seq.),  as  well  as  with  the  acc-ouul  of 
ihe  ehi'omoplastids  in  the  poi'ts  of  flowers  (.477). 

A  scttion  through  the  ripe  pericarp  shows  that  it  coosiats  of 
Iweuly  to  thirtj-  or  more  layers  of  cells,  in  most  of  which  color- 
granules  occur.  In  the  outermost  cells  the  granules  closely 
resemble  both  in  form  and  slrncture  ordinarj'  granules  of  chloro- 
phyll. In  some  of  tlie  granules  the  coloring-mutter  is  evenly 
diffused  through  the  whole  mass,  while  in  otUei-s  it  is  confined 
to  some  one  part,  the  rest  of  the  granule  remaining  without  color 
of  any  kind.  In  these  cases  the  colored  and  the  uncolored  polls 
are  not  very  sharply  divided  from  each  other. 

499.  Other  granules  less  like  chlorophyll-granules  occor,  in 
which  there  is  a  sharp  demarcation  between  the  colored  and 
uncolored  parts ;  such  have  been  shown  to  be  vacuolar,  the 
vacuoles  assuming  widely  different  shapes.  These  ai'c  abundant 
in  tbe  cells  which  lie  five  to  eight  layers,  or  rather  moi-e,  from 
the  outside. 

In  some  of  these  the  colored  portion  appears  spindle-form  or 
sickle-form,  in  others  curved  twice,  like  the  letter  S.  It  ft«- 
quenlly  happens  that  several  of  these  long  granules  are  placed 
end  to  end.  forming  an  irregular  cliain. 

500.  In  the  pai-t  of  the  berry  which  envelops  the  seeds  the 
color-granules  are  e.\tremely  slender,  and  needle-shaped.'  All 
of  the  granules  lie  in  the  protoplasm ;  usually  in  greatest 
numl>cr  in  that  lining  the  walls,  and  immediately  around  the 
Ducleus. 

fiOl,  Occasionally  in  the  laiger  pericarp-cells  roundish  col- 
ored objects  are  met  with,  which  close  examination  shows  are 
nothing  but  vacuoles  in  the  protoplasm  of  the  cell  filled  with 
colored  sap ;  sometimes  these  have  been  mistaken  for  the 
granules  themselves,  but  they  can  usually  be  distinguished  from 
them  without  difBcuIty,  on  account  of  the  distortion  which  they 
undergo  upon  slight  pressure. 

■  Kraus:  Prmgaheim'i  Jabrb.,  1872,  p.  131. 

'  Tr^col :  Ann.  d«  Sc  cat.,  s^r.  4.  tome  x.  1858,  p.  1S4.  Weias :  Sitl.  d.  k. 
Akxl.  WiBD,  1864  (Bond).),  and  ISSG  (BuidliT.). 
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THE  SEED. 

502.  The  ripened  ovule  is  the  seed.  In  ripening,  the  ovale 
andorgoes  changes  in  the  structure  both  of  the  int^umentd  and 
the  nucleus.  The  integuments  of  the  seed  answer  moriihologi- 
cally  to  the  priniine  &nd  secundine  of  the  ovule  ;  the  outer  being 
the  t«ata,  or  seed-shell, — also  called  spcnnoderm  or  epispenn, 
—  the  inner  the  tegnien,  or  endopleura.  The  nui^lcus  of  the 
seed  also  answers  to  the  nucleus  of  the  ovule.  The  morpho- 
logical relations  of  the  different  parts  of  the  seed  have  been 
auffieiently  treated  in  the  first  volume,  "Structural  BoUiny,"  and 
therefore  only  the  histological  features  will  now  be  presented. 

503.  Considered  as  a  whole,  the  testa  varies  greatly  in  coa- 
sisteuce ;  it  is  In  some  cases  as  dense  as  any  sclerotic  tissue, 
while  in  others  it  is  pulpy,  and  in  others  still,  membranaceous. 
But  it  is  usually  divisible  under  the  microscope  into  two  or  more 
layers,  which  are  not  constant  in  their  characters. 

604.  The  ordinaiy  layers  met  with  in  the  seeds  of  most 
agricultui-al  plants;  have  been  described  by  Nobbc '  in  the  follow- 
ing terms :  1.  The  hard  layer,  composed  generally  of  palisade 
or  staff-like  cells  of  considerable  firmness.  In  Leguminosn  it 
is  the  external  layer,  and  iu  exposed  surface  is  cuticularised. 
In  flax  and  species  of  Brassica,  it  is  the  second,  in  cabbags 
and  mustard,  the  third  layer.  In  a  few  cases  the  cells  of  thll 
layer  arc  tabular  instead  of  stafT-sbaped.  2.  The  mucilagiaoos 
layer,  not  present  in  all  the  common  agricultural  seeds,  is  oodk 
posed  of  cells  whoso  walls  have  the  power  of  swelling  greatij 
when  they  ore  placed  in  water.  This  layer  is  sometimes  Iband 
in  the  outer  part  of  the  testa,  sometimes  in  the  inner.  3.  Tta 
pigment  layer,  which  imparts  characteristic  colors  to  the  coats  of 
tlie  seeds  of  many  plants,  is  not  constant  in  the  form  of  the  cells. 
The  color  may  reside  in  the  cell-wall,  or  in  the  dried  contents  of 
the  cell.  Sometimes  a  few  pigment-cells  are  scattered  among 
others  of  a  neutral  tint,  and  even  among  those  which  cannot  bo 
said  to  have  any  proper  color  at  all.  Iu  some  cases  one  of  ttie 
other  layers  may  contain  more  or  less  color.  In  a  few  other 
instances  the  color  is  not  dependent  on  a  pigment  layer ;  for,  u 
Frank '  has  shown,  in  the  steel-blue  seeds  of  species  of  Peoaia 
the  color  is  purelj'  a  result  of  reflected  light,  and  is  in  no  wiaa 
due  to  the  presence  of  any  true  coloring-matter.  The  dried 
seeds  are  dark  red  or  dark  brown  ;  but  when  thoroughly  moist- 

'  Uuidbuch  dcr  Sameiikaailc,  p.  73.  ''  Botanische  Zciiucg,  1SS7. 


with  water  (or  better  still  in  n  (Vesh  state),  thej  are  db- 
tlnctiy  blue.  4.  Tbe  protein  layer,  the  cells  of  which  contain 
granular  albuminoid  matters. 

The  lajera  just  described  are  different  in  different  seeds,  aud 
eotnetimcB    different    in  ^^^^^^^_ 

different  parts  of  the 
Muno  seed-coat,  so  that 
the  dinsion  has  really 
little  utility. 

505.  The  external  in- 
tegument or  testa  may 
have  well-developed  hairs, 
as  has  been  shown  in  Vol- 
ume I.  p.  30G.  Only  one 
of  these  cases  of  hairs 
can  be  here  described ; 
namely,  those  which  form 
the  felted  covering  of  cot- 
ton-seeds, and  which  arc 
the  "  cotton  "  of  commerce.  These  are  slender  cells  with  col- 
lapsed walls.  As  they  ap- 
proach maturity,  the  cells 
become  more  or  less  twisted ; 
the  resulting  spiral  is  that 
which  imparts  to  cotton  ita 
vulue  as  a  material  for  spin- 
ning. Some  other  seeds, 
'  notablj-  those  of  species  of 
Asclepias,  have  long  and 
strong  hairs,  but  none  of 
these  have  any  spiral  twist 
which  fits  them  for  textile 
purposes. 

Regarding  the  size  of  cot- 

^  ton  "fibres"   (hairs  of  tbe 

seed),  the   following  mcas- 

nrements  by  Ordway  are  of  interest :  Maximum  length  in  the 

"sea-island"  variety,  abont  two  inches  (five  centimeters);  in 
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upland  or  ^^short-staple"  cotton,  a  little  over  one  inch  and  a 
half  (three  and  three-fourths  centimeters).  The  greatest  width 
of  fibre  was  found  to  be  .0013  inch.  A  single  fibre  sustained 
without  breaking  a  weight  of  150  grains.^ 

506.  It  has  been  shown  in  Volume  I.  that  the  seed-coats  of 
many  Polemoniacese*  etc.,  are  furnished  with  microscopic  hairs, 
*'^  which  come  usefully  into  play  in  arresting  farther  dispersion  at 
a  propitious  time  or  place.  .  .  .  The  testa  is  coated  witli  short 
hairs,  which  when  wetted  burst,  or  otherwise  open  and  discharge 
along  with  mucilage  one  or  more  very  attenuated  long  threads 
(spiricles)  which  were  coiled  within.  These  protruding  in  all 
directions,  and  in  immense  numbers,  foim  a  limbus  of  considera- 
ble size  around  the  seed,  and  evidently  must  serve  a  usefhl  end 
in  fixing  these  small  and  light  seeds  to  the  soil  in  time  of  rain, 
or  to  moist  ground,  favorable  to  germination,  to  which  they  may 
be  carried  by  the  wind."  The  best  example  of  this  structure  is 
afibrdcd  b}'  the  genus  CoUomia ;  in  this  the  spiricles  are  long 
and  verv  numerous. 

507.  The  nervation  of  the  seed-coats  fbmishes  in  many  cases 
excellent  diagnostic  characters,  but  the}'  need  no  special  re- 
mark histologically.  All  the  forms  of  branching  of  the  fibro- 
vascular  bundle  of  the  funiculus  indicate  that  the  ovule  and 
seed  are  of  the  nature  of  leafiets  on  the  margin  of  the  carpellaiy 
leaf.» 


^  The  above  measurements  are  approximate;  those  which  follow  are  th« 
exact  determinations  as  tliey  are  given  by  Professor  Ordway  in  the  Tenth 
Census  of  the  United  States. 

Length  of  fibre.  Maximum  length  found  in  the  "sea-island"  variety  of 
South  Carolina,  where  it  was  1.996  inches.  The  maximum  length  of  the 
upland  or  "short- staple"  cotton  was  1.669  inches.  The  minimum  of  length 
(0.695  inch)  was  found  in  North  Carolina  cotton,  grown  on  a  light,  sandy 
loam  soil. 

Width  of  fibre.  The  widest  (nWW^  inch  wide)  was  quite  short  (0.945  inch). 
By  far  the  largest  number  of  wide  fibres  come  from  uplands.  The  **  sea-island" 
variety  had  a  width  of  Tvlilso  inch. 

Strength  of  fibre.  The  strongest  specimen  examined  had  a  breaking  weight 
of  149.4  grains.  Professor  Ordway  mentions  some  instances  which  lead  him  to 
think  that  the  strength  of  the  fibre  may  hold  some  relation  to  the  amount  of 
phosphoric  acid  in  the  soil  where  it  is  grown. 

Weight  of  seeds  and  lint.  ( Maximum  weight  for  five  seeds  with  lint  at- 
tached, 22.14  grains.)  Light-weight  seeds  appear  to  come  from  sandy  soils, 
heavy-weight  seeds  from  heavy  and  productive  soils. 

2  The  reader  is  referred  to  a  memoir  by  Le  Monnier,  in  Ann.  des  Sc. 
nat.,  s^r.  5,  tome  xvi.,  1872,  p.  233,  and  one  by  Van  Tieghem  in  same  Journal, 
1872. 


ALBUUINOCS  AND  EXALBUHINOUS  8EBDS.  1 

The  so-called    grains    of  the  cereals  are  fruits  instead  of 
the  accompanying  figures  exhibit,  therefore,  not  only  the 


strnctiire  of  the  integuments  of  the  seeds,  but  also  of  llie  ripened 

ovarian  wall. 

509.    As  shown  in  the   "Structural  Botany,"  page  309,  the 

nucleus  of  the  seed  consists  of  the  embryo  and  its  supply  of 
food.  If  the  store  of  food  is  wholly 
within  the  tissues  of  the  embryo,  the 


seed  is  said  to  be  exalburoinous ;  if  partly  outside  of  the  embryo, 
as,  for  instance,  in  the  cereals  here  figureil,  it  is  said  to  be 
albuminous.  The  albumen  is  the  supply  of  food  in  the  nucleus 
of  the  seed  which  is  not  stored  in  the  embryo  itself. 

Fifl.  13»,  Cnn-Hcllon  rrom  tha  peripliery  vt  tlie  trait,  ot  Zca  Mali,  blghly  niKnl. 
SbI:  a,  l^uit-capaole  1  li,  K»1-rfl»t;  i,  aJhennt  oellolu  Infer;  il,  gUcch  conUlntnK 
albumen  or  leeiL    (Bsrgaad  Srbmlilc.} 

Fio  139.  A  croM-»«Uon  froia  tbe  perlpbery  of  the  fruit  of  Avena  tttiif*,  blghlj- 
aucnlBnl :  ".  cbalfi  ft,  frQlt-captule  wlih  Ilia  aeed-cont ;  r,  lulberent  cellular  Ujiitr ; 
d,  March  eentalnini  slbumlDold  parencbyna.    (Bsrg  and  Scbml^lt  | 

Fio.  IfO.  OioH-HCIlon  rrom  Hie  peiiiiber;  of  tbe  fruit  of  Oryia  ■nllTB.btglilyinag- 
nUvl:  (I.  cbalT;  b.  rrult-capanle  vilti  KsiI.coBt;  c,  adberent  otlular  lajor;  if,  itarcli 
COBUlDlnK  albumliiDld  parencbrma.    (Berg  and  SehmldC.) 

.    CroH-ascIlon  frntii  Iho  iierlpbeiy  of  tha  CTnlt  of  Hordcam  TUlgare,  hllblf 
I:  a.  chalT;  t,  rtnll-cBiieiila  with  tbi         ' 


Jncalbul 


old  pi 


nebjmi 


(Berg  aal  SclimldL) 
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510.  The  embryo  may  exist  as  a  cluster  of  parenchyma  cells 
without  any  clear  distinction  of  parts,  or  it  ma}'  possess  a  defi- 
nitely formed  axis  and  leaves  (see  "Structural  Botany,"  p.  311). 

The  microscopic  structure  of  the  nucleus  has  been  illustrated 
in  part  by  the  figures  of  the  grains  of  cereals  (see  also  Fig.  22, 
on  page  47),  and  it  has  been  considered  also  to  some  extent  in 
the  descriptions  of  the  nascent  root  and  the  nascent  stem  in  the 
embryo.  The  study  of  the  development  of  the  embryo  within 
the  seed  belongs  to  a  special  subject,  which  will  be  treated  in 
Fart  II.  under  ^^  Reproduction."  It  therefore  will  suflSoe  here  to 
state  that  the  parenchyma  cells  of  which  the  nucleus  is  composed 
contain  food  materials  and  protein  matters  in  large  amount. 

511.  The  proper  food  materials  in  seeds  are  chiefiy  oils  and 
starches.  The  seeds  of  a  large  number  of  plants  have  been  ex- 
amined by  Nageli^  with  reference  to  the  occurrence  of  starch,  and 
the  following  facts  are  taken  flrom  his  extensive  treatise :  — 


PhiBiiogAmf  oontftinlng 

In  all  ipecies    . 
No  Btarch  In  the  Beed    JSJa'S^^'f  ; 

In  a  small  number 
In  all  species    . 
In  a  majority   . 
(Inlialf.    .    .    . 


starch  in  the  albumen, 
not  in  the  embryo 

Starch  in  the  embryo, 
not  in  the  albumen 

Starch  in  the  albumi- 
nous embryo 

starch  in  the  embryo 
and  albumen 

starch    in     the    seed 
throughout 


I  In  all  species    . 

'  In  all  species    . 

In  a  majority    . 

In  half.    .    .    . 

In  a  small  number 

In  all  species    . 

In  a  migority   . 

In  all  species    . 

In  a  m^orlty   . 

In  half.    .    .    . 
( In  a  small  number 


Gymno- 
sperms. 
Families. 


Monocoty- 

ledons, 
Families. 


8 


20 


1 

17 
1 


21 
1 


Dicotyle- 
dons, 
Familh 


180 
10 
10 

a 

16 
1 
3 


11 
1 
5 

13 
1 
1 

30 
3 
8 

13 


Total, 
FamiU« 


21S 

10 

10 

3 

94 

2 

3 

2 

IS 
1 
S 

13 
2 
1 

63 
4 
8 

13 


512.  The  protein  granules  in  seeds  are  classified  by  Vines  ^  as 
follows :  — 


1  Die  Starkekomer,  1858,  p.  387. 

*  Proceedings  of  the  Royal  Society,  vols,  xxviii.,  xxx.,  and  xxxi  On 
page  62  of  the  volume  last  mentioned  the  following  table  of  seeds  and  their 
aleurone  grains  is  given  :  — 

I.  Soluble  in  water  :  Pteonia  oflficinalis  (type).  Ranunculus  acris,  Aconitum 

Napellns,  Nigella  damascena,  Helleborus  fcBtidus,  Amygdalus  com- 
munis, Pranus  eerasus,  Pyrus  malus,  Leontodon  Taraxacum,  Dipsa- 
cus  FuUonum,  Ipomoea  purpurea,  Phlox  Drumraondi,  Vitis  vinifera. 

II.  Completely,  and  more  or  less  readily,  soluble  in  ten  per  cent  NaCl 

solution. 
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I.  Soluble  in  water;  e.  g.,  Pieonia  ofBcinalts. 
n.  Completely,  and  more  or  leas  reatlily,  soluble  in  ten  per 
cent  NaCl  (sodic  chloride)  Bolutiou. 
a.    Grains  without  crystalloids. 

(a.)    Soluble  in  saturated  NaCt  solution  after  treatment 

with  alcohol  or  ether;  «.  g.,  Pisuni  sativum. 
(^.)   Soluble  in  saturated  KaCI  solution  after  treatment 
with  alcohol,  but  not  after  ether ;   e.  g.,  Heliantbua 
annuus. 
h.   Grains  with  crystalloids, 
(a.)   Crystalloids  soluble  in  saturated  NaCl  solution  after 
treatment  with  alcohol  or  ether;   e.  g.,  Bertholletia 
exceba. 
(^.)  Crystalloids  soluble  in  saturated  NaCl  solution  after 
alcohol  but  not  after  ether  ;  e.  g.,  Ricinus  communis, 


a.    Gmius  without  crjstalloids. 

{a.  I  Soluble  in  satiimtiii  MnCl  solution  after  treatment  with  alcohol  or 
other :  LapiniishirautoB  (type),  VicU  Fabo,  Pisum  aativmn.  Phase- 
oliiB  mutttRorus,  Allium  Cepa,  Iris  pumila  (var.  atrocccruleii),  Culuhi- 
etim  autumnalei  BerberiB  rulgaria,  Althsea  rosea,  Trapcealum  majus, 
Mercurialiii  annua,  Empetnini  nignitn,  Primula  officinalis. 

(fi.)  Soluble  in  saturated  NaCl  solution  after  alcohol,  but  not  after 
ether  :  HelianthiUBiinauB  (type),  Platjcodon  (Wahlenbergia)  grandi- 
Dora,  Sabnl  AdnosoDJ,  Delphinium  cardiopetutum,  TraUius  Europuaa, 
Actea  sgiicata,  Caltha  paluatris,  Aquile^  vulgaris,  Dianthus  Caryo- 
phytliia,  Brassica  raps,  Lepidium  sativum,  Medicago  sativa,  Luix 
earopiea,  Cynoglossura  officinale,  Spinaoia  oleracea. 
(,  Onini  with  eryaulloids. 

(o.)  CrjatalloiilB  soluble  in  saturated  NaCl  solntion  after  treatment 
with  alcohol  or  ether :  Bertholletia  eKcelm  (type),  Adonis  aatumna- 
lia,  £thusa  Cjnapium,  Digitalis  purpurea,  Cucurbita  Pepo. 

ifi.)  CiTgtallatds  soluble  in  saturated  NaCl  solution  aftur  alcohol,  but 
not  after  ether:  Ricinm  communis  (type).  Datura  Stntiuonium, 
Atropa  BflUodonna,  Glaia  Guinecnsis,  Salria  officinalis,  Taxus  bac- 
cato.  Pious  Pinito,  Cannabis  sativo,  Linum  uaitatisaimum,  Viola 
elatior.  Rata  graveolens,  Juglans  regis. 
III.   Partially  soluble  in  ten  per  cent  NaCl  solution. 

a.  Entirely  soluble  in  one  per  cent  sodic  carbonate  solotion  :  PDlmoaarift 

mollis,  Omphalodca  longiflom,  Borago  cancasica,  Myosotis  paloatris, 
Clarkia  pulchella. 

b.  Entirely  soluble  in  dilute  potassic  hydtate. 

(b.)  Grains  without  crystalloids  :  Anchusa  officinalis,  lithoipemiuai 
officinale,  Echium  vnlgnre,  Heliotropium  Peruvianuni,  Lythrutn 
Satiearia. 

{p.)  Grslna  withont  crystalloids:  Cupressus  Lawsoniann,  Junipcrus 
I,  Euphorbia  Luthyris. 
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m.  Partially  soluble  in  ten  per  cent  sodic  chloride  solution. 

a.  Entirely  soluble  in  one  per  cent  sodic  carbonate  solu- 

tion; e,  g.^  Clarkia  pulchella. 

b.  Entirely  soluble  in  dilute  potassic  hydrate. 

(a.)  Grains  without  crj'stalloids ;  e.  ^.,  Ly thrum  Salicaria. 
(fi.)  Grains  with  crystalloids ;  e.  g.^  Juniperus  communis. 

513.  The  appendages  of  the  seed  known  as  the  strophiole  (at 
the  base  of  the  seed),  the  caruncle  (at  the  micropyle  or  orifice), 
and  the  membranaceous  and  pulpy  forms  of  arillus  (see  Vol- 
ume I.  pages  308,  309)  do  not  call  for  further  remark. 

The  separation  of  the  fruit  at  maturity,  and  the  separation  of 
the  ripened  seed  as  well,  are  due  to  changes  analogous  to  those 
described  in  458,  under  the  ^'  Fall  of  the  Leaf."  Some  of  the 
special  forms  of  mechanisms  b}'  which  the  detachment  occurs 
may  be  examined  in  Fart  11.,  under  ^^  Dissemination." 


CHAPTER  V. 
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DIVISION  OF  LABOR  IX  THE  PLANT. 

HM.  The  simplest  plant,  n  green  cell  living  in  water,  poa- 
Bpssea  all  the  appliances  needl'iil  for  the  work  of  vegetation ; 
namely,  a  protoplasmic  hoAy  containing  cliloroplij-ll,  and  a  cell- 
wnll  protecting  it.  It  finds  in  the  irater  in  ivhich  it  lioata,  and  in 
the  sunlight  to  which  it  is  exposed,  everything  requisite  for  its 
ftill  activity. 

.^15.  Its  work  is  twofold :  First,  that  which  it  does  not  share 
with  the  animal,  and  which  may  therefore  be  called  the  proper 
office  of  the  plant,  —  the  production  of  organic  matter  out  of 
inorganic  materials,  under  the  agency  of  light.  This  work  ia 
dependent  upon  the  presence  of  chlorophyll  in  the  cell,  and  ia 
known  as  Assimilation.  Second,  that  which  the  animal  like- 
wise can  perform,  —  the  conversion  into  various  forms  of  ac- 
tivity of  the  energy  stored  up  in  food.  This  takes  place  in  tlie 
pi'oto[>lasm,  whether  chlorophyll  be  present  or  absent. 

516.  In  a  spherical  cell  tsoliitcd  from  others  and  leading  an 
independent  existence,  floating  fi^e  in  the  water,  and  therefore 
presenting  no  one  part  exclusively  to  the  light,  there  is  very 
slight  if  indeed  any  division  of  labor.  One  part  of  its  cellulose, 
protoplasm,  or  chlorophjU  has  the  same  work  to  perform  and  is 
sabstantially  under  tho  same  conditions  as  any  other  part.  But 
if  the  cell  becomes  one  of  manj-  i^gregated  to  form  a  mass  of 
tissue,  its  relations  to  its  surroundings  are  not  the  same  as  be- 
fore, for  its  exterior  is  no  longer  equally  ex[)Osed  either  to  water 
or  to  light.  The  cells  in  the  interior  of  sucli  a  mass  must  derive 
tlieir  supply  of  material  from  without  through  the  agency  of  the 
neighboring  cells ;  hence  division  of  labor  begins.  Inspection 
of  the  mass  shows  that  some  of  its  cells  have  the  ofBce  of  ab- 
sorption, others  that  of  assimilation,  others  that  of  treasuring 
np  the  products  of  manufacture,  etc.  With  this  incipient  divi- 
sion of  labor  there  are  also  notable  changes  in  the  form  of  cells, 
by  which  a  more  complete  adaptation  to  a  particular  kind  of 
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work  is  secured.    These  adaptations  are  as  marked  in  the  inter- 
nal anatomy  as  in  the  external  configuration. 

517.   The  parts  of  a  living  being  which  have  definite  kinds  of 
work  to  do  are  known  as  organs  ^  (cf.  ^ov,  work).    Since  they 


^  The  organs  of  the  higher  plants  are  reducible  to  three  members ;  that  is, 
three  types  of  structure,  which  bear  to  each  other  definite  relations  of  position 
and  sequence  of  appearance.  These  members  are  the  root,  stem,  and  leaf,  —  to 
which  some  add  also  the  plant-hair.  In  Sachs's  Vorlesungen,  the  number  of 
members  is  given  as  two  ;  namely,  root  and  shoot. 

In  their  very  youngest  state  all  the  modified  leaves  upon  a  given  plant  are 
indistinguishable  from  each  other ;  the  leaves  which  are  to  become  petals, 
stamens,  leaf-traps,  or  tendrils,  are  like  those  which  are  to  be  ordinary  foliage. 
The  same  is  true  of  modified  stems  and  modified  roots ;  however  diverse  in 
shape  and  function  the  modified  stems  or  branches  of  a  plant  may  finally  be, 
they  are  at  their  very  beginning  precisely  alike. 

In  the  determination  of  the  rank  of  an  oi^n,  that  is,  its  reference  to  one  of 
the  three  plant-members  already  enumerated,  the  following  criteria  are  em- 
ployed :  (1)  its  position  with  respect  to  other  parts ;  (2)  its  nascent  condi- 
tion ;  (3)  its  presence  or  absence  in  organisms  obviously  allied  to  the  one  in 
whicli  it  occurs,  its  rank  in  these  not  being  obscure. 

So  far  as  the  organs  seen  by  the  naked  eye  are  concerned,  it  is  seldom  that 
any  serious  difficulty  exists  in  the  application  of  at  least  one  of  these  criteria 
to  the  determination  of  their  rank,  and  it  is  generally  possible  to  use  more 
than  one.  But  it  is  different  in  the  case  of  the  histological  oi^ns,  for  (1)  the 
position  can  be  made  out  only  in  sections  of  the  given  part ;  (2)  their  early 
nascent  condition  is  the  simple  cell,  common  to  all  tissues  ;  (3)  it  is  not  easy 
to  determine  whether  an  organ  exists  in  a  rudimentary  form  in  allied  organisms 
or  is  wholly  absent  from  them. 

It  is  so  difficult  to  apply  these  criteria  to  the  study  of  tissues,  and  the 
results  obtained  are  so  contradictory,  that  there  is  no  complete  agreement 
among  botanists  as  to  what  constitutes  a  histological  member  except  the  sim- 
ple cell  itself.  In  fact,  as  stated  in  191,  it  is  doubtful  whether  with  the 
material  now  at  hand  it  would  be  possible  to  constnict  a  satisfactory  system 
of  tissue  elements  or  histological  organs  ujwn  a  purely  morphological  basis. 
Even  in  the  systems  which  most  nearly  approach  this  there  are  some  physio- 
logical notions  which  have  affected  a  few  of  the  minor  divisions. 

A  classification  of  tissues  upon  the  basis  of  physiology  alone  is  open  to 
serious  objections  ;  one  kind  of  work  in  the  plant  can  be  performed  by  diverse 
tissues,  and  on  the  other  hand  one  kind  of  tissue  can  perform  more  than  one 
kind  of  work.  This  is  illustrated  by  the  structural  elements  through  which 
mechanical  ends  are  reached  ;  the  long  bast-fibres,  wooiiy  fibres,  collenchj-ma, 
and  short  sclerotic  parenchyma,  —  very  diverse  elements,  but  accomplishing  the 
same  result.  Yet  one  of  these,  namely,  the  woody  fibres,  is  among  the  most 
important  of  the  elements  by  which  crude  li(iuids  are  carried  through  the 
plant. 

Moreover,  in  the  examination  of  the  minute  structure  of  a  part  it  is  not 
easy  to  discriminate  between  the  different  offices  which  one  of  its  given  ele- 
ments may  fill,  because  the  element  is  associated  with  so  many  others  in  the 
formation  of  a  complex  organ. 
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are  parts  of  a  whole,  —  the  organiain,  —  they  idusI  have  definite 
relations  to  each  other  as  i-egards  jrasitioQ  and  olHee. 

518.  The  relations  of  origin  and  poaitiou,  no  far  as  the  organs 
of  the  plant  are  concerned,  are  discussed  in  the  first  volume; 
the  relations  of  origin  and  position  of  the  component  parts  of 
their  stmclnre  have  occnpied  the  earlier  portion  of  the  present 
volume.  From  a  review  of  the  facts  there  presented,  it  appears 
that  any  given  part  may  subserve  diflcreut  ends ;  tor  instance,  a 
leaf  may  carry  on  its  proper  work,  namelj'.  that  of  assimilation, 
and  at  the  same  time  may  aid  as  a  tendril,  and,  in  the  case  of 
Xi'ponthes,  as  a  stomach  for  digestion.  On  the  other  hand,  it 
is  equally  dear  that  the  same  kind  of  work  may  frequently  be 
performed  by  different  parts.  For  inatanee,  the  proper  work  of 
the  leaf  can  be  carried  on  by  any  green  tissue ;  not  merely  in 
proper  leaves,  but  in  tlie  cortex  of  young  stems,  and  even  in  the 
oater  tissues  of  young  roots  of  certain  aerial  plants.  It  is  there- 
fore sometimes  advantageous  in  Vegetable  PItysiology  to  distin- 
guish between  systems  of  tissues  having  diSterent  offices,  rather 
than  between  organs  which  are  often  masses  of  beterogencons 
tissues. 

519.  Among  the  systems  of  classifications  of  tissues  chiefly 
npon  a  physiological  basis  is  that  of  Haberlandt,  which  is  as 
follows :  — 

A.  The  Protective  System. 

1.  Of  the  surface  (Epidermis,  cork,  and  bark). 

3,  Of  the  skeleton  (Bast-flbrcs,  libriform  cells,  collenchyma, 
and  sclerotic  parenchj-ma) . 
S.  The  Nutritive  System. 

1.  Absorbing  system  (Epithelium  of  roots  and  the  root- 

faftirs;  absorbing  tissue  of  haustoria,  etc.). 

2.  Assimilating  system  (Chlorophyll  parenchyma,  both  pali- 

sade and  spongy). 

3.  Conducting  system  (Condncting  parenchyma,   vascular 

bundles,  latex  cells  and  tubes). 

4.  Storing  system  (Reserve-tissues  of  seeds,  bulbs,  and 

tubers;  water-tissue,  etc.). 

5.  Aerating  system  (Aeriferous  intercellular  spaces,  together 

with  their  c.tternal  ojwnin^,  stomata  and  lenticels). 

6.  Receptacles  for  secreliona  and  excretions  (Glands,  oil, 

resin,  and  mucus  canals,  crystal-sacs,  etc.). 
To  these  might  be  added  the  groups  of  tissues  concerned  in 
reproduction. 
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MECHANICS  OF  TISSUES. 

520.  In  Haberlandt's  classification  ^  the  tissues  having  a  me- 
chanical office  to  fill  are  brought  into  one  group,  which  is  then 
subdivided  into  (1)  those  tissues  which  protect  the  softer  tissues 
of  the  interior  from  the  harm  which  would  result  fi'om  exposure, 
and  (2)  those  which  hold  the  soft  tissues  in  place.  An  exami- 
nation of  the  work  performed  by  tissues  may  accompany  an  in- 
vestigation of  the  work  by  organs  themselves ;  in  the  examina- 
tion of  the  work  of  organs  in  Part  II.  the  necessan'  facts  relative 
to  their  structure  will  be  presented. 

521.  Those  tissues  which  ser\'e  simply  to  impart  strength  to 
tlic  plant  belong  almost  as  much  to  lifeless  as  to  living  parts,  and 
can  best  be  examined  before  the  subjects  of  physiology  are  taken 
up.  The  present  division  has  for  its  object  the  consideration  of 
that  which  in  Haberlandt's  classification  is  called  the  skeleton, 
and  which  is  known  to  serve  chiefly  mechanical  ends. 

522.  In  the  case  of  a  water-plant,  for  instance  an  alga,  which 
has  about  the  same  specific  gravity  as  the  water  in  which  it  is 
borne,  no  special  mechanical  support  is  demanded.  Its  own 
buoyancy  sufiSces  to  keep  the  structure  as  a  whole  in  place; 
while  the  different  parts  of  the  simple  organism  have  a  degree  of 
stability  which  enables  them  to  resist  the  action  of  the  waves. 
As  might  be  expected,  such  an  organism  can  attain  a  very  great 
size ;  for  instance,  Macrocystis  pj'rifera  of  the  Southern  Pacific 
Ocean  has  been  known  to  measure  nearly  one  thousand  feet,  and 
less  trustworth}^  measurements  have  been  recorded  which  far 
exceed  this.  In  this  and  other  water-plants  the  medium  which 
buoys  the  plant  up  takes  the  place  practically  of  any  internal 
framework. 

523.  A  land-plant,  existing  in  a  far  lighter  medium  than  the 
water-plant,  must  have  a  definite  mechanical  support.  Those 
species  of  Calamus  which  furnisli  the  "  rattan  "  of  commerce  pos- 
sess a  terminal  shoot  from  which  are  unfolded  in  rapid  succession 
strong  leaves  armed  with  recurved  hooks.  Having  reached  the 
thickly  clustering  tops  of  a  tropical  forest,  the  terminal  bud  de- 
velops its  leaves,  and  these  cling  with  tenaeit}'  to  the  branches 
upon  which  they  rest,  so  that  the  mechanical  support  is  aflTorded 
in  this  case  by  the  vegetation  beneath.  Thus  supported,  the  ex- 
tension of  the  shoot  is  indefinite,  so  that  examples  of  Calamus 

^  Physiologische  Pflanzenanatomie  (Leipzig,  1884). 
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^rith  a  length  of  300  feet  are  not  uncommon,  and  some  flgurcB 
miiuh  higher  than  this  are  noted.  | 

614.   In  both  the  above  caaea  the  extraoixlinary  size  has  been 
attjuned  with  very  little  expenditure  of  material  for  mere  me-    ' 
chanieal  support.     The  same  is  true,  although  in  a  leas  striking    i 
because  a  more  familiar  manner,  in  our  oi'diuary  twining  and    j 
climbing  plants ;  other  plants  or  outside  supports  of  some  kind 
being  necessarj'  to  bring  their  stems  and  leaves  into  tbe  best 
relations  to  thoir  enrroundiugs.     But  what  tissues  serve  to  keep 
erect  or  in  position  the  latter  plants  which  are  not  water-plants 
or  climbi-rs?     What  tissues  aei-ve  mainly  mechanical  ends? 

525,  The  subject  was  extensively  investigated,  so  far  aa 
monocotyledonons  plants  are  concerned,  by  Schwendener,'  in 
1874,  since  which  time  some  unportant  additions  have  been 
made.  According  to  Hchwendener,  the  mechanical  elements 
in  the  plant  are  (1)  bast-flbrea,  (2)  libriform  colls  and  fibres, 
(3)  coUenchyma  cells.  That  these  are  the  chief  elements  of 
strength,  especially  in  monocotj'ledonons  plants,  appeai-a  from 
his  instructive  experiments,  which  have  been  repented  by  others. 
Strips,  150  to  400  mm.  in  length  and  about  2  to  5  mm.  wide,  were 
carethlly  taken  fVoin  stems  or  leaves  and  immediately  fastened 
in  a  \'ise  at  onu  cud,  the  other  end  being  firmly  grasped  by  strong 
pincers  to  which  weights  could  be  nttaclicd  at  will.  Behind  a 
strip,  vertically  suspended  from  the  vise,  a  meaauring-bar  was 
placed,  so  that  any  elongation  of  tbe  strip  under  tension  could  be 
accurately  measured.  After  the  apparatus  was  properly  adjusted, 
a  small  weight  was  attached  to  the  pincers,  the  elongation  of 
the  atrip  observed,  and  the  weiglit  thou  removed  in  order  to  see 
whether  the  strip  recovered  its  original  length.  Up  to  a  certain 
point  tbe  recovery  was  found  to  be  complete ;  beyond  this  point 
the  elasticity  was  lost,  and  not  again  regained. 

526.  Strips  from  the  middle  part  of  the  leaf  of  Phonnium 
tenax,  390  mm.  long  and  1.5  to  2  mm.  wide,  were  placed  in  the 
apparatus  and  subjected  to  the  action  of  a  weight  of  10  kilograms. 
They  became  6  mm.  longer,  but  on  removal  of  the  weight  were 
found  to  recover  their  original  length ;  in  other  words,  they  re-  ' 
mained  perfectly  elastic  under  this  weight.  A  weight  of  15 
kili^rams  broke  the  strips  into  two  parts.  These  strips  con- 
tained only  five  fibro-vaseular  bundles,  with  an  amount  of  bast 
which  was  believed  to  be  about  half  a  square  millimeter  in  cross- 


1  Dumecl 
L  1<7«). 


Dm  mechuiische  Priadp  im  snatomiBchen  Bau  (iei  Monocatyleo  ( Leipzig, 
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stH'tioD.  From  this  experiment  Schwendener  places  the  strength 
of  the  bast  of  Phormium  tenax  at  20  kilograms  per  square  milli- 
uioter.* 

527.  The  tables  in  the  notes  show  that  good  bast  equals  good 
iit>a  in  its  tensile  strength  within  the  limits  of  elasticity,  while  in 
its  breaking-weight  it  is  greatly  exceeded  by  the  latter.  Schwen- 
dener well  remarks  that  Nature  has  given  her  whole  care  to  pro- 
viding that  these  mechanical  elements  should  be  strong  within 
the  limits  of  elasticity,  and  with  good  reason ;  for  beyond  those 
limits  the  plant  gains  nothing  by  greater  strength.  Attention  is 
called  also  to  the  great  difference  between  bast  and  the  metals 
with  regard  to  their  elongation  under  weight. 

1  The  results  of  expeiiments  made  with  the  bast  of  various  plants  in  the 
manner  described  are  given  below.  Most  of  the  cases  cited  are  from  Schwen- 
dftnvr  ;  others  are  from  Haberlandt  (Physiologische  Pflanzenanatomie,  p.  105). 
Tht*  determinations  for  metals  are  from  Weisbach. 


Name. 


phormlam  tenaz 


PrltiUarla  imperiallB     .    .    .    . 

Ullum  auratum 

JuImd*  Bpectabilis 

Daaylirion  longifoliam  .... 

]>rac«Bna  Indivisa 

Hyaclnthas  orientalls    .    .    .    . 

Allium  Porrum 

polytrlcliamjuiilperinam  (stem) 
"  "  (seta) 

p»nyniB  antiquorom      .... 

Moluiia  ooerulea 

Plnoenectla  recurvata    .    .    .    . 

IMantboii  capitatuB 

8«oale  cereale 


Elongation 
in  1000  parts. 


13. 
14. 
12. 
7.6 
12.6 
13.3 
17. 


15.2 

11. 

14.6 
75 
4.4 


TensQe  Strength  in 

kilograms  per  sq. 

mm.  (within  limits 

Breaking- 
weight  in 
kilograms 

of  elasticity). 

per  sq. 
mm. 

20. 

25. 

16. 

•    •    •    • 
19. 

20. 

17.8 

21.6 

17. 

21.8 

12.3 

16.3 

14.7 

17.6 

•    .    •    • 

7.5 

•    •    •    . 

11.5 

20. 

22. 

25. 

14.3 

15  to  20 

These  should  be  compared  with  the  results  of  determinations  made  with 
other  materials  :  — 


Name. 

Elongation  in 
1000  parts. 

Tensile  strength 
per  sq.  mm. 

Breaking-weight 
in  kilograms. 

Malleable  iron  in  rods     .    . 

"           "    in  wire     .    . 

"  »  In  plate  .  . 
Hammered  German  steel    . 

Brass 

Brass  wire 

Cast  zinc 

Copper  wire 

SUTer 

.67 
1.00 

.80 
1.20 

.75 
135 

.24 
1.00 

•         •        • 

13.13 
21.9 
14.6 
24.6 

4.85 
13.3 

2.3 
12.1 
11. 

40.9 
82. 

29. 
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52S.  Tbe  slreDgtli  of  other  tissues  besides  bast  has  been  meas- 
ured ;  thus  Ambronn  assigns  to  (.-ulleiicb,\'ma  a  breatdng- weight  of 
12  kilograms  per  square  millimeter,  and  these  cells  become  per- 
manently elongated  under  a  weight  of  from  1 .5  to  '2  kilograms. 

Haberlandt  found  that  tbe  breaking-weight  of  the  internal 
■'  thread  "  of  the  common  grajbeard  lichen,  Usnea  barbata,  is 
1.7  kilograms  per  square  millimeter,  but  that  this  tliread  could  be 
stretched  to  double  its  length  before  breaking.  Tbe  breaking- 
weight  of  cotton  fibre  is  calculated  to  be  between  18  and  20 
kilograms  per  square  millimeter,  and  that  of  the  seed-hair  of 
Asclvpias  Sj'riaca  not  far  from  40  kilograms. 

529.  Examination  of  any  of  the  Hgures  of  libro-vascular 
bundles  given  in  Part  I.  shows  how  wiill  their  elements  are  dis- 
tributed in  order  to  secure  the  greatest  strength  with  economy  of 
material.  To  tbe  elements  which  impart  strength  to  a  bundle 
Scliwendener  has  given  tbe  name  atereojn  ;  to  the  other  parts  of 
the  bundle,  meatom  ;  thus  the  fibres  are  stereom  elements,  the 
ducts  are  mestom  elements. 

530.  The  striking  adaptations'  of  tbe  fibro-vascular  bundles 
to  serve  as  light  and  very  strong  building  materials  in  the  plant 

>  The  following  table  from  Sdiwenduner,  with  a  few  illuMrative  examplee, 
u  giTcn  tu  tenti  u  a  gaide  to  the  stadent  in  tracing  oat  a  few  of  these  tilapta- 

DlSTSIBDTION    or   llECUANtC&L   EtKUBNTS   IN   HoNOCDTVLKDDNS. 

I.    In  cylindrical  orgsoB. 
1.   Systflu  of  tubepidermnl  ncrvM  of  but.    Simple  fucicles  of  biut  lie 
under  the  epidemiis. 
Finst  type.     Aram,  ArisajniB. 
Second  type.     Petioles  of  Colocasia  and  Alocasio. 
S.   System  of  compound  peripheral  girders.    Subepidermal  fascicles  of  boat 
unite  with  those  which  lie  more  deeply  to  form  girdvn  in  which 
tbe  "  web  "  or  binding-tinue  is  partly  meatom,  partly  parenchyma. 
Third  type.    Stems  of  3cirpus  eospitoaus  and  Eriaphorum  alpinum. 
Fourth  type.     Sterna  (above  ground)  of  Cyperua  aLlamifolins. 
Fifth  type.     Stems  of  Schfenae  niKrintns. 
Sixth  tjpe.     Stems  of  Jiincus  eSusus. 
Seventh  type.    Carex  lapulina. 
Eighth  type.     Scirpiu  laciiatris. 
Ninth  type,     laolepia  pauciflora. 
Tenth  type.     Cladium  ManHcus. 
S.   Syitem  characterized  by  a  nerved  hollow  cylinder,   tho  nerves  of 
which  are  united  with  those  at  the  epidermis. 
Eleventh  type.      Uany  grasses  ;  c.  g.,  Alopecums  p: 
Twelfth  type.     Panicnm  Cnia-galli. 
1.  Syatciu  of  [>eripbend  hast-fiisoiclea  strengthened  by  m 
Thirteenth  type.    Ze>  Uals, 
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are  seen  plainly  when  the  distribution  of  the  bundles  in  the  stems 
of  monocotyledons  is  examined  in  cross-section.  In  many  cases 
the  shape  of  the  section  of  the  bundle  is  nearly  that  of  the 
well-known  *'  I "  or  *'  H  "  beam  or  girder.  In  the  most  clearly 
marked  instances  the  stereom  portion  is  well  developed  on 
both  sides  of  the  mestom,  and  thus  forms  the  *' flanges"  or 
''plates,"  while  the  mestom  is  the  '*web;"  the  stereom  has 
therefore  to  bear  either  compression  or  tension,  according  to 
the  bending  of  the  part  It  will  further  be  obser^^ed  that  in  all 
cases  the  beam  is  placed  with  respect  to  the  rest  of  the  stem,  so 
as  to  insure  the  greatest  efflcienc}-  of  the  stereom  portion. 

But  it  is  onl}'  upon  a  careful  examination  of  the  manj'  methods 
of  arrangement  of  the  stereom  and  mestom  in  the  bundles 
of  diverse  forms  of  dicotyledonous  stems,  together  with  an  ex- 
amination of  the  arrangement  of  the  bundles  themselves  with 
respect  to  the  surrounding  tissues,  that  the  adaptations  of  the 
various  elements  to  strength  can  be  fully  appreciated. 

The  modes  of  distributiou  of  the  stereom  and  mestom  met 
with  in  monocotj'ledons  are  so  numerous  that  they  cannot  be 
reduced  to  a  few  types  ;  their  diversity'  is  so  great  that  they  can 
only  with  difficulty  be  brought  into  any  system  of  classification. 


6.   System  of  subcortical  fibre- vascular  bundles  with  strongly  marked 
bast  development. 
Fourteenth  type.     Bambusa  species. 
Fifteenth  type.     Palms. 
Sixteenth  tyi)e.     Yucca. 
Seventeen  til  tyi)e.     Musa. 
Eigliteentli  type.     Maianta. 

6.  System  of  subcortical  fibro-vascular  bundles  united  tangentially. 
Nineteenth  type.     Juncus  Gerardi. 

7.  System  characterized  by  a  simple  hollow  cylinder  with  imbedded  or 

attached  fascicles  of  Mestom. 
Twentieth  type.     CommelynacefiB. 
II.    In  bilateral  organs. 

1.  System  of  subepidermal  girders. 
First  tyi)e.     Leaves  of  Cyperus. 

Second  type.     Middle  part  of  leaves  of  Zea. 
Third  tyjie.     Leaves  of  Musa. 
Fourth  type.     Leaves  of  Tradescantia. 
Fifth  t}i)e.     Leaves  of  Pardanthus. 

2.  System  of  internal  girders. 

Sixth  type.     Leaves  of  Cypripedium. 
Seventh  type.     Petiole  of  Aspidistra. 

3.  System  of  complex  girders :  subepidermal  nerves  of  bast  combined 

with  interior  girders. 
Eighth  type.     Petioles  of  many  pahns. 
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53 1 .  TLc  distribution  of  material  in  the  skeleton  of  a  lignec 
dicotj  ledonous  plant  is  somewhat  different  from  that  in  a  mono- 
eot\'ledoii-'  More  of  the  mechanical  work  fails  on  the  proper 
wood,  but  even  here  in  some  cases  the  bast  serves  an  imjrartant 

irposc. 

632.    The  data  for  calculating  the  strength  of  the  woody  stem 
branches  of  a  dicotyledonous  plant  arc  to  be  found  in  vari- 

is  works  on  mechanical  engineering :  but  it  is  to  be  borne  la 
inind  that  the  figures  given  for  timber  ai-e  usually  based  on  ex- 
]>eriracnts  with  dry  heart-wood. 

533.  The  trunk  is  to  be  regarded  as  a  column  bearing  the 
weight  of  the  whole  crown  of  branches,  each  of  these  being  a 
tapering  beam  supported  at  one  extiemity.  The  crushing- weight 
the  crown  exerU  upon  this  column  is  far  within  the  limits  of 
safety,  even  when  the  liability  of  the  trunk  to  be  much  bent  and 
twisted  by  high  winds  is  taken  into  aceount.  The  brancliea  at 
their  point  of  union  with  the  trunk  form  different  angles  ia 
different  phints,'  and  this  angle  must  be  taken  into  consideration 

'   DlSTBIBUTlUN    OP    MECHANICAI.   ELEMENTS   IN   DlC0TYLEl>0N9. 

:.   With  but  in  tha  bark. 

IFint  group.     Axial  nrgaiiB  vhen  ]roiing  have  an  unbroken  ring  of  bsrt  ; 
in  much  oldrr  strius  this  is  intemiptud  or  cast  off.     Ariatalochis. 
Second  group.      Axud  organa  with  a  ln;er  of  bBst-buiidtra  whiuh  ia 
thrown  off  later.     The  Wt-bundlcs  form  the  first  niecliauical  syitem, 
which  is  aoan  reptac»d  bj  the  nng  of  wood.     Nerium  Oleander. 
Third  group.     With  limpls  ring  of  hast-buudles  ia  lirst  year,  latnr  with 
isolated  boat-fibres,     .^sculus  HippocaAtanum. 
Founh  group.     With  strong  bast,  even  when  far  ailvanced.     Tilia. 
Fifth  group.     With  subepidermal  bast-nerves.     Rnsaelis. 
I  2.   With  transition  to  an  intra-cambium  ring  of  libriform  colls. 

b  Sixth  group.     The  cambium  of  the  bniidtes  iitu  partly  outaidfl,  partly 

^^^^^  iimde  the  mscbanical  ring,  or  is  imbedded  iherein.     Oailiardia. 

^^^^^       Sorenth  group.     Isolsted  vaacular  bundles.     Silphium  perfoliatum. 
^^^^^VB.    Intra-csmbi'im  libriform  ring  without  medullary  rayi. 
^^^^^p        Eighth  group.     Without  bast  on  the  outer  side  of  the  cambium  or  earn- 
^^^^H  tiifonn  layer.     lTn|iatiens  Nolitangere. 

I  Ninth  group.     With  Urgpr  or  smaller  nmounta  of  bast  on  the  outer  dda 

;  of  the  camhriform,     Urtica  dioi^^a. 

Tenth  group.     In  the  librifortu  elements  sU  shades  of  ttamdtioni  to 
I  dncta.     Mimbilis  Jalapa. 

4.   Intni-eambiiim  libriform  ring  with  parenchyma  rays. 

Eleventh  group.     Rays  formed  of  elongated  cells.     Vinca  major. 
I  Twelfth  group.     Typical  dicotyledona  with  medullary  rays. 

I  *  McCosh  has  given  the  angles  in  a  large  number  of  plants,  a  few  of  whioh 

art  here  cit*d  :  Ash,  60°;  horse-chestnut,  SO^-SS";  alder.  fiO° ;  elm,  BO";  oak, 
Urge  branches.  50".  small  branches,  8.'!''- 70°  ;  bewh,  46°;  linden,  *tl°.  He  calla 
a  the  fact  that  in  thesg  and  many  other  cases  the  angle  at  which  th* 
13 


I 
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in  detcrmiQiog  the  actual  force  exerted  upon  the  fibres  at  t 
base  of  tbe  braauh.* 

534.  Tbe  part  which  sclerotic  parencbyiiin  aud  thickeiH 
epidermal  and  hypodcrmal  cells  play  in  alTording  strength  1 
plants  need  only  be  alluded  to  (see  211).  In  a  few  cases, 
especially  in  some  But:ciilent9,  a  coiisidcrahle  shaie  of  the  me- 
cbanical  stipi>ort  of  the  plant  is  nfTorded  by  tlio  more  superficial 
parte.' 

533.  The  voining  of  leaves  and  the  structure  of  leaf-margins 
present  some  interesting  probK-rns.  Comparative  investigations* 
have  shown  that  strength  at  tbe  edge  of  the  leaf  is  obtained  in 
very  ditfereiit  ways,  even  in  closely  allied  plants.  The  resist- 
ance to  tearing  which  is  exhibited  bj-  some  of  the  lai^r  leaies 
of  dicotyledons  is  remarkable. 

The  distribution  of  the  strong  ribs  in  the  leaves  of  the  greater 
water  lilies  (for  instance,  Victoria  regia),  and  to  a  less  striking 
extent  that  in  the  smaller  water  lilies  of  cold  climates,  secures 
great  strength  with  tbe  ntmost  economy  of  material. 

The  tioinks  of  many  ti'opical  trees  are  provided  with  lateral  pro- 
jections (buttresses)  which  strengthen  the  stem  very  materially.* 

veiulets  came  off  from  the  midrib  is  th«  same  u  that  formed  b;  the  branch  and 
tbe  tnitik.  Tlie  angles  in  the  above  ca«ea  am  thou  fonneil  abore  the  points 
where  the  branches  arise  (British  Assoc.  Keport,  18S2,  pert  ii,  p.  6S). 

'  Very  iuttnwtive  illustrationB  of  the  different  cnpneity  of  differvnt  trees  to 
milt  the  action  of  high  wiada  am  giv«n  in  the  Keporte  of  the  Signal  Serrice. 

*  Full  and  interesting  accounts  of  the  adaptations  of  the  framework  to  tbe 
Fxtemal  condition!  of  plants  am  to  be  found  in  the  works  of  Schwendener  and 
Habertandt. 

»  WesCcrmaier:  Monataber.  derk.  Akad.  d.  Wiasetischafton  Berlin,  1881. 

*  "  All  are  tall  and  npright  columns,  bat  they  difler  finm  each  other  more 
than  do  tlie  cohtmns  of  Gothic,  Greek,  and  Egyptian  templra.  Some  are 
almost  cjlindricfll,  rising  up  out  of  the  ground  as  if  their  bnses  were  concenlnl 
by  aeeumulatioiia  of  the  noil ;  othert  get  much  thicker  near  the  gmund  like 
our  aprendiug  oaks ;  others  agnin,  and  these  are  very  charaderiatic,  aend  out 
towards  the  base  Hat  and  wing-like  projections.  These  projections  are  thin 
slabs  tadiating  from  the  main  trunk,  from  whioli  they  stand  out  like  the  but- 
tresses of  a  Oothie  cathedral.  They  rise  to  various  heights  on  the  tree,  from 
fire  or  six  to  twenty  or  thiity  feet ;  they  oft«n  divide  as  they  approach  tlie 
groand,  and  sometimea  twist  and  curve  along  the  surface  for  b  considerable 
distance,  forming  elcTBteil  and  greatly  compressed  roots.  These  buttresses  are 
Bometimes  so  large  that  the  spaces  between  them  if  roofed  over  would  form 
huts  capable  of  oontaiiiing  several  persons.  Their  use  is  evideDtly  to  givs  the 
tree  «n  extended  base,  and  so  assist  the  subterranean  roots  in  maintaining  in 
an  erect  position  so  lofty  a  column,  crowneil  by  a  broad  and  m  '  '  "  " 
bTuahN  and  foliage  "  (WbIUoo:  Tropical  Nature,  187S,  p.  30). 
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CHAPTER   VI. 


PROTOPI-ASM  AND  ITS  RELATIONS  TO  ITS  SD BR ODN DINGS. 


536.  Upon  the  framework  ivhich  imparts  strength  to  the 
pl&nt  the  active,  liriDg  cells  are  distributed.  In  old  ligneous 
dicotj'ledonous  plants  the  living  parts  are  relatively  so  super- 
fldnl  that  thej  have  been  said  to  form  a  mere  Sim  of  living 
tissue  held  in  place  by  a  dead  skeleton.' 

537.  The  living  cells  are  those  which  contain  protoplasm. 
Each  of  these  cells  has  deQnite  relations  to  the  neighl>oring  cells, 
most  of  which  relations  have  been  presented  in  Part  L  But  each 
of  those  cells  has  also  definite  relations  to  the  external  world, 
which  it  is  the  province  of  Physiolog}-  to  investigate.  Such  an 
investigation  naturally  begins  with  a  consideration  of  the  char- 
acter of  protoplasm. 

*  "  The  living  pnrU  of  n  tree  or  shrub,  of  tlis  exogpnoas  kiod,  are  olivioiul^f 
onlj  theae  :  lit.  The  summit  of  the  stno  and  branches,  with  the  bmls  which 
eoDtiuaa  tham  apvonU,  ■ad  uiDiwlIjr  d^Tulop  tbe  follagn.  2il,  The  frenh 
root*  aod  rootlrti  atmaally  deieIop«l  nt  the  apposite  extrpmity.  BA,  Tbe 
[lewat  MtKt&  of  wood  and  hnrk,  and  enpei^ialljr  the  interposed  cnmbium- layer, 
which,  aonuallj  renewed,  maintain  a  living  coramunicatioa  betweetl  thi^  mtit- 
latl  on  the  one  huid  and  tlie  bads  and  foliage  on  tbe  other,  however  distant 
they  at  length  may  he.  These  are  all  Ihat  en  concerned  in  the  life  and  Krovth 
of  th»trM  ;  and  these  are  annunily  renewed.  .  .  .  The  plant  is  ■  composite 
bein);,  or  community,  lat^Iing,  in  the  case  of  a  tree,  tbrongh  an  indefinite  and 
oftea  immeiise  number  of  generations.  These  are  surcesaively  proiluced,  vn- 
joy  a  teim  of  existence,  and  perish  ia  their  turn.  Life  pones  onward  con- 
tinaalty  from  the  older  to  the  newer  parts,  and  death  follows,  with  e<nial  step, 
iX  a  Barrow  {nterval.  No  portion  of  the  tree  is  now  living  tfatit  was  alive  a 
few  yean  aga  ;  the  lesTet  die  annnally  and  are  cast  olT,  while  the  intemodea  or 
jointa  of  the  stem  that  bore  them,  as  to  their  wood  at  least,  buried  deep  in  the 
tnmk  under  the  wood  of  siiMeeding  (eenemljons,  aft  eonverled  into  tifelesa 
heart-wood,  or  perchance  decayed,  and  the  bark  that  bi^longrd  to  them  is 
thrown  olT  From  the  sariace.  It  is  the  aggregate,  the  blended  nuias  alone,  that 
long  anrvivet "  (Oiay'i  Structursl  Botany,  pp.  63,  84.) 
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538.  Protoplaani,  tbc  living  matter  of  tbe  plant,  can  be  ex- 
amined lo  advantage,  either  aa  it  exists  vritbout  n  cell-wall  in 
some  of  the  loirer  organisms  (M^vsomycetee) ,  or  confined  within 
a  transparent  cell-wall,  as  in  yonng  plant-hairs. 

539.  The  Myxomycetes  live  in  tlio  interstices  of  moist  porous 
substances ;  for  instance,  decaying  leaves  and  stems,  spent  tan, 
etc.  Passing  over  all  details  regarding  tbcir  fi-uetili cation,  —  a 
BubjecttobelookedforinUie  volume  on  "  Cry pt<^amic  Botany," 
—  their  present  examination  can  begiu  with  the  period  when  the 
germinating  S|x>rcs  of  these  plants  rupture  tlicir  walls,  and 
become  confluent  as  masses  of  naked  protoplasm  known  as 
Plasmodia. 

540.  The  Plasmodium  of  JEtbalium  septicum  is  not  difficult 
to  procure,  as  it  occurs  in  summer  upon  heaps  of  moist  tan  in 
tbe  open  air,  and  even  during  the  winter  in  moist  places  in 
greenhouses  where  tan  is  used  as  a  stratum  for  Qower-pots.  It 
is  a  soft,  gelatinous  mass  of  yellowish  color,  sometimes  measur- 
ing several  inches  in  diameter.  Removal  of  any  portion  of  this 
mass  to  a  glass  slide  is  apt  to  break  np  tbe  plasmodium  so  much 
OS  lo  render  it  useless  for  observation ;  therefore  the  following 
explicit  directions  given  by  Strasbni^er  for  obtaining  small  por- 
tions to  examine  will  be  found  useful.  A  tumbler  is  to  be  filled 
with  water  up  to  tbe  brim,  and  from  the  brim  a  strip  of  moist 
filtering-paper,  somewhat  less  than  an  inch  in  width  and  one  or 
two  incbes  in  length,  is  to  be  stretched  to  the  top  of  a  glass  slide 
placed  in  a  vertical  position  (or,  better,  leaning  a  little  out- 
wards) ;  the  lower  end  of  the  slide  being  placed  in  sand  lo  catch 
the  water  which  will  soon  begin  to  flow  slowly  over  its  surface. 
Next,  a  piece  of  bark  witli  the  plasmodium  upon  it  is  to  be 
placed  at  the  foot  of  the  slide,  tbe  whole  covered  with  a  bell-jar 
and  a  dark  cover  of  pasteboai'd,  and  from  time  tx)  time  the 
water  in  the  tumbler  replenished.  In  the  course  of  ten  or  twelve 
hours  some  of  the  protoplasmic  mass  will  climb  up  tlie  slide  in 
tbe  form  of  delicate  threads,  which  branch  more  or  less  and  con- 
stitute a  sort  of  network.  Tbe  slide  is  tlien  transferred  to  the 
stage  of  the  microscope,  care  being  taken  (1)  to  use  only  a 
little  light,  and  (2)  to  avoid  any  pressure  by  the  cover-glass. 
The  latter  may  be  prevented  by  fragments  of  glass  placed  under 
the  comers  of  the  cover-glass ;  or,  better  sLill,  the  cover-glasa 
may  be  fastened  on  the  slide  by  means  of  four  minute  drops 
of  cement,  leaWng  its  side  exposed,  and  then  the  slide,  thus 
famished  with  a  cover,  placed  in  the  nearly  vertical  position  al- 
ready advised,  when  the  plasmodium  will  creep  under  tbe  o 
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and  be  all  ready  for  examination,  with  no  disturbance  whatever. 
If  the  Plasmodium  is  allowed  to  creep  over  tlie  face  of  a  slide 
placed  horizontally,  it  is  apt  to  be  too  thit^k  for  a  demonstration 
of  some  of  the  points  which  are  now  to  be  referred  to. 

541.  Chemical  anil  physical  properties  of  proloplum.  When 
the  Plasmodia  of  vEthalium  septicum  collect  in  large  masses  on 
the  surface  of  spent  tan,  they  afford  good  material  for  the  exam- 
iitation  of  some  of  the  chemical  and  physical  characters  of  pro- 
toplasm ;  but  there  is,  of  course,  the  serious  objection  that  it 
is  impossible  to  obtain  the  protoplasm  in  a  state  of  absolute 
purity.  Upon  such  material,  however,  Reinke  and  Rodewald  * 
have  conducted  some  instructive  experiments,  the  principal  re- 
sults of  which  are  detailed  in  the  following  paragraphs. 

512.  The  organic  substance  of  the  protoplasm  of  JEthalium 
proved  to  have  the  following  elementary  composition :  *  — 


P«  conl.  ulr-dried 

Per  c«nt,  1I17 

First 
M-ly.U. 

Sfarad 
uulysis. 

{S.  :  :  : 

fC.    ... 

Lff.  .  .  . 

\y.    .    .    . 

38,68 
5.S2 
G.H3 

38.61 
G.99 
6.39 

*0.S3 
6.10 

G.ei 

40.(7 

a,  29 

B.flB 

In  both  ■ailjHs  oxygen  U  ■  fourtL  comtituent.                        1 

»  Btudien  liber  das  ProIopUamn,  Berlin,  1881. 

*  The  compositioa  of  ihe  ur-dried  subatBUce  it  ftpprozinuitely  u  foUowa  :  - 

W.ttr *.80 

Pepsin  ind  Myoiin    . 1 .00 

Viti-ilin 6.00 

PlMtin a7.W 

G».mn   i 

Xantbin  J .01 

Sarlun     ) 

Aminoiiic  carboo&te 10 

AspnragiD  bq<I  other  unideA 1.00 

Peplan  and  Peptonoid 1.00 

Lecithin       30 

Glyi»gen *.78 

^th»!ium  sugar 3.00 

Calcic  compounds  a(  higher  fatty  adds    .     .    .      S.33 
Calcic  formate  |  .» 

Cslcic  acetata  1 

Calcic  caibonatfl 27.70 

Sodie  chloride 10 

Hydropolaasic  phosphate  (PO,K,H)     ....      1,21 
Iran  pbxphite  [PO.Fe  I) 07 
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5i3»  One  handred  and  seventy-nine  grains  of  fiesb  proto- 
plasm of  a  sofb  consistence  were  placed  in  doselj*  woven  linen 
cloth  and  subjected  to  pressure  by  the  hand;  5S  grama  of  a 
turbid  fluid  were  expressed;  the  mass  was  then  placed  under 
a  pressure  of  4,000  kilograms,  by  which  62  grams  more  were 
forced  out,  leaving  a  dry  cake  behind.  Thus  66*7  per  cent 
of  the  mass  was  pressed  out.  The  fluid  thus  expressed  has  a 
specific  gravity  of  1.209.  That  this  fluid  is  intimately  incorpo- 
rated with  the  more  solid  portion  of  the  protoplasm,  appeals  Ikom 
the  fact  that  it  cannot  be  forced  from  the  protoplasm  bj  cen- 
tri Algal  force  alone.  To  it  the  name  enchylema  has  been  given ; 
to  the  solid  matter,  the  name  stroma  is  applicable.  The  amount 
of  water  contained  in  fresh  protoplasm  of  JBthalinm  septicnm 
is  approximately  71.6  per  cent. 

The  reaction  of  protoplasm  is  alkaline. 

544.  In  young  cells  the  protoplasm  exhibits  essentially  the 
same  characteristics  as  those  presented  by  the  naked  protoplasm 
of  the  Myxomycetes  alread}'  alluded  to.  The  phenomena  in  cells 
can  be  most  satisfactorily  seen  in  thin-walled  plant-hairs.  These 
should  be  transferred  to  a  glass  slide  with  as  little  injury  as  pos- 
sible, covered  immediatel}'  with  pure  water,  and  examined  under 
a  cover-glass  which  is  prevented  by  bits  of  wax  or  thin  glass 
from  pressing  on  the  delicate  object.  The  stamen-hairs  of  Trad- 
escantia  Virginica,  pilosa,  or  zebrina  are  the  best,  for  in  these 
the  cells  are  sufflcientl}'  large  to  be  managed  without  difficulty, 
and  the  walls  are  perfectly  transparent  The  cells  in  the  thin 
leaves  of  many  water-plants  answer  verj*  well,  but  they  generally 
contain  so  much  chlorophyll  that  the  protoplasm  is  obscured. 
The  hairs  of  the  flowers  and  of  the  young  leaves  of  plants  of 
the  Gourd  family  and  those  of  the  nettle  ^  are  also  excellent 
objects  for  the  study  of  protoplasm ;  and  in  general  it  may  be 
said  that  almost  any  plant-hair,  if  it  is  young  enough  and  has  a 
thin  wall,  will  ser>'e  very  well. 

545.  Protoplasm  in  cells  exists  as  a  nearly  colorless  mass 

AiDmonio-magnesic  phosphate 1.44 

Tricalcic  phosphate 91 

Calcic  oxalate 10 

Chlolesterin 1.40 

Fatty  acids  extracted  by  ether 4.00 

Resinous  matter 1.00 

Glycerin,  coloring-matter,  etc 18 

Undetermined  matters 5.00 

1  Huxley  :  Protoplasm  (Half  Hours  with  Modern  Scientists,  1871). 


MOVEMENTS. 


199 


I  550. 


a  and  exleuding  irregularly  from  side  to  siile  in 
slender  threads.  At  some  oiiu  part  the  muss  appears  a  little 
denser  than  at  otlicrB,  and  if  the  outline  of  this  firmer  mass  is 
at  all  well  defiucd  it  is  easily  lecoguized  as  the  uucleus  (see 
Fig.  2). 

5JG.  Circulation  of  protoplasm  in  cells.  Under  a  power  of 
300  diameters  tlie  delicate  threads  of  protoplasm  can  be  clearly 
sefiu  to  bare  imbedded  in  them  minute  grauules  which  arc  slowly 
moving.  It  happens  sometimes  that  a  slight  warmiug  is  re- 
quired before  any  motion  is  apparent.  Wiicii  the  current  is  fully 
est&blUhed,  its  diflerent  changes  can  be  watt^hed  for  a  long  time 
nithoitt  other  disturljance  of  the  specimcii  than  that  resulting 
from  the  addition  of  water  to  replace  that  lost  by  evaporation. 

Two  features  of  the  motion  require  special  notice:  (1)  the 
granules  do  not  pass  from  one  cell  to  the  contiguuus  one,  but 
remain  confined  in  one ;  (2)  the  threads  in  which  the  granules 
move  gradually  change  their  shape  and  direction,  growing  wider 
in  one  place  and  becoming  narrower  in  another,  while  at  the 
points  of  contact  with  the  lining  of  the  wall  the  threads  seem  to 
Blip  or  glide  very  slowly,  and  accumulations  of  the  protoplasm 
here  and  there  take  place.  Tho  movement  of  the  granules  from 
place  to  place  in  a  steady  current  is  called  the  circulaUon  of 
protoplasm  ;  the  sluggish  changes  of  the  threads  as  they  alter- 
nately increase  and  diminish  io  size  resemble  tlie  amoiboid 
movemeuta  (sec  5oJ  and  Fig.  175). 

547.  In  some  examinations  it  is  instructive  to  add  a  vexy 
little  glycerin  or  sugar  to  the  water  on  the  slide,  in  order  to 
cause  a  slight  contraction  of  tho  protoplasm ;  its  whole  mass 
then  appears  as  a  shrunken  sac,  in  tho  interior  of  which  the 
circulation  can  be  detected. 

548.  In  a  good  specimen  of  tho  stamen-hair  of  Ti-adescantia 
the  protoplasmic  currents  are  seen  to  course  in  slender  threads 
with  a  considerable  degree  of  regularity.  In  some  of  tho 
threa«ls  or  bands  the  currents  go  in  one  direcUon,  in  others  in 
another ;  and  it  occasionally  happens,  as  Hofmcister  has  [lointed 
out,  that  two  opposite  currents  may  pass  in  a  single  narrow 
channel. 

549.  There  ia  more  or  less  accumulation  of  protoplasmic 
matter  in  the  immediate  vicinity  of  the  nucleus,  and  there  are 
generally  some  slight  projections  into  the  interior  of  the  cell. 
The  rate  of  circulation  appears  to  be  greater  at  the  middle  of 
Qie  threads  than  at  the  sides  or  ends  of  tho  cell. 

If  these  movements  in  a  cell  are  compared  with  the 
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movements  exhibited  b;  naked  protoplasm,  no  substnntiol  dif^' 
ference  eon  be  seen  beyond  that  which  depends  upon  the  con- 
flDetncnt  of  the  mass  in  one  case  within  practically  rigid  walls. 
The  naked  protoplasm  moves  slowly  from  place  to  place,  by 
thrusting  out  an  irregular  projection  which  soon  enlarges,  and 
in  its  turn  gives  out  new  projections,  while  the  mass  behind  is 
slowly  mo\'iiig  up.  This  movement  is  identical  with  that  observed 
in  the  amceba.  Id  the  substance  of  a  mass  of  naked  proto- 
plasm granules  can  be  seen  to  move  in  varying  channels ;  and 
this  corresponds  strictly  to  the  movement  known  as  the  circu- 
lation. Moreover,  in  the  naked  protoplasm  larger  or  smaller 
vacuoles  (see  120)  are  observed  to  increase  and  diminish  in  size, 
Iheir  limiting  walla  answering  essentially  to  the  threads  before 
described. 

561.  Botatlon  of  protoplasm  In  cells.  The  lilra  of  protoplasm 
in  contact  with  tlio  cell. wall  does  not  generally  share  in  the 
movement  of  the  softer  part  which  it  encloses,  but  usually  re- 
mains entirely  stationarj',  or  else  very  slowly  shifts  its  posi- 
tion on  the  wall.  In  some  eases,  however,  the  whole  mass 
of  protoplasm  slowly  revolves  on  its  own  axis,  carrying  with 
it  all  imbedded  matters.  This  movement  should  be  called 
rotation  ;  but  the  term  is  often  employed  interchangeably  with 
circulation. 

hb2.  Bate  of  protoplasmic  moTements.  In  the  cells  of  tli< 
shaft  of  any  Chara  which  has  transparent  walla  —  for  instai 
Nit«lla — the  rapid  movement  can  be  very  clearly  seen  to 
conlincd  to  the  interior  of  the  protoplasm,  the  outer  part  in  whii 
chlorophyll-gmnnles  are  imbedded  not  moving  to  any  great  ex- 
tent, if  indeed  at  all.  At  its  interior  the  protoplasm  moves  with 
what  seems  under  the  microscope  to  be  a  very  rapid  rate ;  it  is. 
however,  absolutely  very  slow  ;  being  only  about  one  and  a  half 
millimeters  per  minute,  at  a  temperature  of  15°  C. 

553.    The  rate  differs   considerably  in   different  plants;  for 
instance,  according  to  several  observers,  the  distance  traversi 
In  one  minute  at  a  temperature  of  15°  C.  is  as  follows :  — 


NBineorpluiC. 

PoUmogpton  crispns,  lc»r.MlI  ,     .  . 

CcratophyltaiD  dEmirrsam,  leuT-cell  . 

TnulpBcantia  Virgintca,  itnm«n-hnir  . 

Sagittaria  MgittieMia.  Btomm-bair  . 

TBllimeria  ipiralis,  atamen-hBir     ,  . 

HjdrochariB  Morms-mnK,  root-hair  ■ 

Hitelln  fleiilia,  cells  of  the  shaft   .  . 


Hormeiiter. 
UohL 


Bcnt  of  Ac  CBinato  oc  ■■ck  ptMu.  ■•  Hatecnttcr  ifea«*  If 
the  fiiflDwnc  mflri:—  _ 

»^i^a-»* »* 

men;  atta  hmMWf  kwa  Mifeca  &r  a,  fcv  aiaMta,  Ae  bIk 
luf  aJovh- (finiHA  ftr  a  tHC,  Ak  aeaifBBbBC  smI  aAcr  cn»- 

aifcc         •  kjpiawcfad.    J«M>.tteaae 

ihe  tiae  fiw  Ac  HMK  fart  af  ■  p««B  |4nk. 
5S5.  ne  BMkiH  BH^Mri  ia  Mfad  |iiiIihIim  m  nAn^ 

iMiiiMiiia.  m  Ihii  rAiait  %.■■■  Aim 

A U 

......-...>.    •.» 

l^^ritB^n CU 

The  br  mr  nfM  ■»— mM  aTcSitad  fantaphmmir  bofc» 
iriU  be  dcMribcd  ■hIs'  •*Jlo«nt^* 
m6.  Tte  dMs flfaa  fmayia^  i^  nnaoB  ji^ak — tarim- 
ftedrid^.  ate.  — oa  b 

It^fcew  ■iliii 

vitk  a  mi  ■»!  aal  parideJ  aUk  odl^afw  adl«  bctv*  an 
pmnt  daa  tham  wtiA  aaM  be  tafcca  irto  anoMt  ia  dal- 
iigwilh  aeMkrf  iwiliinihwof  liiMiiirM  Aad  hnea  it  » 
profNT  ki  BoaC  caHK,  a  ia»ii|wMiag  *•  icajM  abased  ia 
KgpMJ^afc  ipoa  a»  pHilc|iliiM  rf wfc. »  ip— k  a* Mb*  aJbea 

M7.  Irfrifaas  «r  fniifltaa  to  feM«.    Ia  eKp«Barii>K  ^<>* 

irtrml  if  !>■  w  fafcil -M    la  to  itaffart  Ibna  Has 

rniiiiila  of  a  fcnlna  ■■■nil  boa,  tarfi^  a  alt  m  afcieh  a  afide 
enbeplatiad.iadal  Ae«eabasrifeean«Md  la«<erwalk 
bolca  or  tte  aw  ite  M  fte  toCMt  fi^fa^n  ar  Ike  MOO- 
aoope,  ao  aa  to  aBw  B(l«  to  paaa  tnm  *e  ainar  Aeetly 
tkra«^  iba  Ada  aal  aeaca  to  Ae  (A^ectHv^  Cuaawtwl  witt 
Uk  bos  an  too  tofea  to  vbicfc  pieaa  of  nUcr  taUas  aaf 

L 


i 


f  S02  FBOTOFLASM. 

1^  be  attached ;  these  pieces  ma  to  a  bquUI  reservoir  of  water  ffU 
[  ean  be  lieatcd  at  pleasui'e  by  means  of  a  spii' it-lamp,  &s  shown 
[  iu  Ihe  figure.    Suppose  a  slide  to  buvo  iipou  it  a  good  specimen 
a  stamen-hair  of  Tradeseuutia,  furuisbed  with  aiifllcieut  water 

and  pioperly  covered.     It  is  placed  in  Ibo  aperture  /  o(  t 

hollow  box,  and  the  rest  of  tbe  apparatus 

is  tbeu  arranged  as  shonn  in  tbe  cut.     The 

Tate  of  ciivululion  of  the  protoplasm  is  now 

careftilty    observed,    and    tbe    temperature 

ahowD  by  tbe  thermometei'  I  is  also  noted. 

"With  increracnta  of  beat  from  the  upward 

current   of   water    through    the    tube    and 


through  the  box  the  rate  of  the  protoplasmic  circulation  ia 
creased.     The  amount  of  heat  applied  can  be  easily  regulated 
by  the  height  of  the  reservoir.     If  il  is  desirable  to  observe  the 
effects  of  cold,  the  rescn'oir  can  be  placed  in  a  vessel  of  ice  and 
raised  above  the  stage  of  tbe  microscope,  so  that  a  current 
cold  wuter  can  flow  down  through  tbe  box. 

558.    Ex|>eriments  upoa  tbe  effect  of  beat  can  also  be 
liently  conducted   by  means  of  a  less  esijensive  apparal 
which  consists  of  a  donble-walled  box  of  zinc  placed  on  firm 
supports  at  the  height  of  a  few  inches  above  tbe  table,  and  large 
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^^^^Htongh  to  receive  the  body  of  the  microacope.  Through  a  hole 
ID  the  top  of  the  box  the  tube  of  the  inicroijcope  piojecte  for  a 
Bhort  distance,  siiil  the  front  of  the  box  ia  furnished  with  a  giasa 
window,  whiuii  alTonls  enough  light  for  the  mirror.  The  spuc^e 
belnoca  the  trails  of  the  box  having  been  filled  with  water,  and 
the  olject  placed  on  the  stage  of  the  microscope,  a  lamp  under 
the  box  is  lighted,  and  the  etfeets  of  the  inci-eose  of  temperature 
noted.  It  ia  best  in  this  case  to  have  the  tbermometer  in  the 
ciosest  proximity  to  the  slide.  It  is  essential  in  the  use  of  both 
these  instruments  to  note  the  temperature  at  short  intervals, 
and  it  is  only  by  the  greatest  care  in  the  use  of  the  thermometer 
that  any  trustworthy  results  can  be  obtained. 

Su9.  As  might  lie  expected  from  tlie  nature  of  heat  as  a  mode 
of  motceular  motion,  the  rate  of  protoplasmic  movement  ia 
accelerated  by  increase  of  temperature  up  to  a  given  point  (the 
opUmura) :  with  increase  beyond  this  point  the  movement  may 
continue,  bnt  with  diminished  rapidity,  until  au  upper  limit  of 
temperature  (the  maximum)  ia  reached,  above  which  no  move- 
ment ia  observable.    At  or  very  near  this  limit  structural  ehonges 

I  take  place,  and  death  of  the  protoplasm  speedily  ensues. 

^^^H  £60.    The  optimum  temperature  for  protoplasmic  movement 

^^^^Bdlfferent  for  different  plants,  but  is  not  far  from  37°. 5  C. 

^^^^^^k     Kuna  of  plant.                          OpUmum  temperntsn.  Obtunor. 

^^^^^"     Nitalla  syncarpn 37°        NugtU-t 

"                    Ch»rt  rcetidn S8°.l Valten.' 

VsUiuieria  apirnlU 88°.75 "     > 

"            "       iO'       Sachs." 

Anochikris  Camtdpnais  ....     3<I°.25 Vettun.' 

561.  The  maximum  temperature  beyond  which  no  movement 
ia  seen,  ia  also  different  for  dififerent  plants,  but  may  be  given  as 
not  higher  than  ^0°  C. 
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,  Cliura  fiEliJa ir.81 Vi'Ileii." 

^^^^v    Vallianeria  ipintia 45°       "     * 

^^^^  50°       SiichA.* 

^^^^Rachs  *  states  that  when  the  hairs  of  Gucurbita  Pepo  are  im- 

[^^^nersed  in  water  of  46°  or  47^  C.  the  protoplasmic  movements 

are  arrested  within  two  minutes  ;  but  that  the  haira  can  bear 

^^^^  1  Boitni):^  z.  wiss.  Botanik,  ISIJO,  ii.  p.  77. 

^^^^L  >  Flore,  1S76,  p.  177  ei  xq. 

^^^^M  *  PIoth,  1364,  p.  f>  rC  Kq. 

^^^^L  '  Luliibuuh  il«r  ButoDtk,  1371,  p.  700. 
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exposure  for  ten  minutes  to  a  temperatare  of  49" -50'  iu  the  aif' 
before  arrest  of  [novfment  takes  place.  In  Tradeseantia  tinirs 
the  furrent  stops  within  three  minutes  upon  exposure  in  air  of 
a  temperature  of  4d°,  beginning  again  when  the  temperature 
falls. 

562.  The  lower  limit  (minimum)    of  temperature  at   whii 
motion  talces  place  ma}-  Ire  stated  at  0"  C,  although 
been  observed '  in  a  single  plant,  —  Nitclla  syncarpa. 

Until  a  temperature  of  at  least  15°  C.  is  attained,  the  mov) 
ment  is  slu^Ub. 

563.  Sudden  changes  of  tempernturp  have  been  said  by  some 
writers  to  cause  a  temporar}-  arrest  of  tbe  protoplasmic  move- 
ment. Thus  dc  Viies*  observed  that  in  the  root-hairs  of  Ilydro- 
obaris  Morsus-ranse  the  protoplasmic  current  at  21°. 7  C.  was  so 
rapid  tliat  it  passed  through  one  millimeter  in  205  seconds  ;  but 
□pon  sudden  elevation  of  temperature  to  33°  C,  240  seconds 
were  required  for  it  to  traverse  the  same  distance.  And  Hof- 
meister*  found  that  the  rapid  movement  in  Nitella  flexilis  wi 
arrested  in  two  minutes  when  the  specimen  was  taken  from 
room  at  18°.5  to  one  at  5°.  But,  on  tbe  other  hand,  Yelten' 
failed  to  detect  such  an  effect. 

564.  At  or  near  the  maximum  temperature  i-emarkable  changes 
take  place  in  the  form  of  the  protoplasmic  threads  and  films, 
They  become  more  or  less  rounded,  although  very  irregularly, 
and  may  bo  completely  disintegrated.  Such  changes  Lave  ' 
noted  by  Max  Scbultze '  at  a  lemijerature  of  alx>ut  40°  C, 
the  hairs  of  Urtica,  the  stamen-hairs  of  Tradcscantia,  and 
leaf-cells  of  Vallisneria.  According  to  Euhne,'  such  chat^a 
take  place  within  two  minutes  in  the  plaamodium  of  .Xthaliuni 
septicum  (see  540)  at  a  temperature  of  3d°  C. ;  the  Plasmodium 
of  Didymium  serpula  was  affected  in  the  same  way  at 
siderabU-  lower  point,  namely,  30°  C. 

665.   When  subjected  to  a  temperature  lower  than  the  mil 
mum  for  movement,  the  protoplasmic  mass  may  Irecoine  disin- 
tegrated, the  solid  part  separating  from  a  watery  portion,  which 
latter  may  iVeeze.'     If,  now,  very  gradual  Increments  of  heat 

'  Botan,  Zeitang,  1871.  p.  723  (Tohn). 

•  ArcbiT.  NSertanclciiscs,  v.,  1870,  p.  385. 

•  Die  tehte  Ton  der  PflBDienzelle,  1887,  p.  08. 

•  Flor«,1878,  p,  813. 

•  Das  FrotoptumB  <1.  RhUopoden  nncl  PHBiiMnzpllen,  1B63,  p.  (8. 

•  tfntersilcliungen  uber  ilpa  Protojilnnma,  1864,  p.  87. 
'  UateiBUchuiigei)  Uber  liia  Pratopkama,  1S61,  p.  101. 
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9  applied,  the  disorganized  parts  may  become  reunited,  uid 
after  a  wliile  the  movement  maj'  liegin  again.  No  such  recovery, 
however,  is  possible  when  the  protoplasmic  mass  has  liecome 
disintegrated  by  a  high  temperature  ;  the  thange  thus  produced 
is  practically  coagulation.* 

6GG,  The  temperature  of  certain  hot  spiinga  in  which  living 
atgiG  have  been  Tound  sboivs  that  pi-otoplasm  can  beai'  without 
injurj-  a  greater  degree  of  heat  than  ia  indicated  by  the  figunss 
in  561.     Thus  algce  have  been  seen  in  the  foUoniug  thermal 

^^^^^  Toraporaloro,  Obwrier. 

^^^L  CarUbul S3°  7  C Cohn.' 

^^^^H  I.ip  Islands  .     .     .     .     &3°.         ....  Hi>|tpK-3e;ler.* 

^^^^^1  Dm 57°.         ....  Serres,* 

^^^^1  Califoniui  Geysera .     .     93°  ....  Brewer.* 

^^^Boppe-Seyler  found  algie  growing  on  the  edge  of  a  fiimarole 
^^^^Bbere  they  were  subjected  to  a  temperature  (from  tlie  escaping 
^^^Btpor)  of 

^^^H  567.   That  the  protoplasm  of  many  kinds  of  seeds  and  spores 

^^^Hnn  preserve  its  vitality  during  exposure  to  dry  air  at  a  tem- 

(«rature  atwve  that  of  boiling  water  has  been  shown  by  many 

e^cperimenters;^  but  unless  the  precaution  is  taken  to  remove 

all  waleF  from  the  seeds  by  very  careful  and  slow  drying,  any 

temperature  above  100°  C.  is  injurious.     Seeds  thus  cautiously 

fl-eed  from  moisture  have  been  heated  to  110°,  and  even  for  a 

short  time  to  120°,  without  losing  their  power  of  germination 

II  (ace  also  "Germination").     Nor  does  there  seem  to  be  any  es- 

^^^HHntJal  ditference  between  the  seeds  which  contain  oils  and  those 

^^^^^^ch  contain  starch  in  their  capacity  to  endure  high  lempera- 

^^^Hfares.     Holfinann*  and  Pasteur*  have  shown  that  the  vitality  of 

^^^^perfectly  dry  seeils  and  spores  may  in  some  cases  be  retained 

until  a  temperature  of  130°  C.  is  reached. 

•  PfvlTer  :  Pflanwnphysiologin.  1881,  ii.  p.  386.  *  Floni,  1863,  p.  B38. 

•  PRufer't  Archir.,  1875,  p.  138.  *  BoUn.  Cmtralbklt,  1880.  p.  257. 

•  Am,  Jonm.  Sc.  and  Arts,  2d  seriea,  xli.  SSI. 
■  PflUgrr'i  Archir.,  1875,  p.  U8. 

I  A  much  hif;lict  tcmpcratun  is  iiot«d  b;  HTimboldt :  nunelv,  BE*  C.  far  tlie 

hot  spring  of  Triuohera,  Cuncm,  in  which  he  Tocnd  the  roots  of  certain  plants 
growing- 

^  Mibe  Edwards  nnd  Cnlin  :  Ann.  denSc.  nnt.,  s€r.  2,  tome  [.,  1S34,  p,  2B4; 
>'*  Hojutbiich  der  EiperimentAl.Physiolo^e,  1866,  p.  65  tt  mj.  ;  Jiut,  in 
'h  Beilrage  mr  Biolo^s  der  Pflnoira,  1877,  p.  311. 
t  *  PringshHm'it  .Tahrh.,  1S6I).  p.  524. 

•  Ann.  d.  Cliimie  ct  da  Phyaique,  1862,  p.  VO. 
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)8.   On  the  olher  band,  the  protoplasm  of  dry  seeds 
snlijected  to  extremely  low  tenn>eralun;9  without  eufferiog  any 
injury  (see  "Germination"). 

569.  Tbe  relatJons  of  pratoplaam  to  llglit  are  beet  examined  Id 
the  pla8mo<iia  of  the  myxomycetea  and  the  hairs  of  TradeacanI 
for  here  lliey  are  not  complieated  by  the  presence  of  chloroph; 
(wUifh,  as  will  be  seen  later,  exerts  a  tnnrked  influence), 
cording  to  HoOiieistcr,  plasniodia  thrnst  forth  longer  and 
numerous  processeB  in  darkness  than  in  light.     In  ^tbalium  oop- 
tioum  the  processes  developed  in  liglit  are  short  and  compressed, 
while  those    grown   in  darkness  are  long,  slender,  and   thin.' 
This  is  especially  noticeable  when  the  light  falls  only  on  one 
side  of  the  mass.     In  some  of  Baranetzky's  experiments.*  in 
which  tile  incident  rays  of  light  were  parallel  to  the  substratum 
(wet  filtering- paper)  on  which  the  Plasmodium  was  placed, 
change  of  form   resulting  ttom   diminished  extension   on 
lighted  side  and    increased  extension  on  the  other  was  rt 
marked  after  flfteen  minutes'  exposure  in  bright  sunlight,  while' 
in  dilTused  light  half  an  hour  was  required  for  a  similar  change. 
These   results   should    bo    compai-ed    with    those    obtained    I9 
Schleicher,'  who  observed  that  young  plasniodia  move  towards^ 
light  of  low  intensity,  and  thai  older  plasmodin  may  move  e' 
towards  strong  lighL     The  movement  Into  bright  light  appei 
to  just  precede  the  formation  of  the  spores. 

570.  The  more  reft-angible  rays  of  light  —  that  is,  the  viol 
and  indigo — appear  to  be  more  efficient  in  influencing  mo' 
ment  than  are  the  less  refrangible,  —  the  red  and  yellow. 

571.  The  "circulation  "  of  protoplasm  in  plant-hairs  goe« 
not  only  in  darkness,  but  even  when  the  haira  are  developed 
plants  bitinchcd  by  absence  of  light,'  No  marked  effect  apea 
the  rate  of  such  movement  appears  to  be  caused  by  presence  or 
absence  of  light,  except  so  far  as  the  eoncomittint  action  of  heat 
comes  into  play.   Hofmeister  states  that  he  saw  the  protoplasmic 

>  Pie  Uhra  Ton  der  PflsntenEHIe,  ise7,  p.  21. 
■  llemoirpa  de  In  soc  des  Bclencea  nut,  de  CliRrbourg,  1675,  p,  340. 
iFFT«r,   iretl  known  tliat  plasmodia  often  fmorge  slowly  rrom  their  K 
I  i  Tor  instance,  tan,  if  the  aurfocs  is  ontj  vtTj  faindj  liglited. 

•  Jpnaische  Zeitschrift,  1878,  p.  820. 

*  Sachs:  BoUti,  Zvit.,  1863,  Suiiplcmcnt.  Reinke  :  ibid.,  1871,  p.  7911 
KraDfl  :  ibid.,  1876,  p.  GOl.  Few  obMrvations  hare  been  Tecorde<I  npon  t' 
effect  upon  protoplaamic  movementa  of  sudden  cimnges  of  illuminaCum. 
tile  Mac  of  an  amrelia  (Pe1omp»  Tnlnstris)   Engelmann  found  that  lighli,! 

I    ind  not  it*  sodden  withdrawal,  appeared  to  exert  a  edmolant  effect  (Preffer  i  J 
Pflanxenphysiologie,  it,  p.  387). 
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movement  as  distinctly  in  hairs  whi<:li  had  been  developed  in 
darkness,  and  hod  remained  witliout  light  for  thirty  hours,  as  in 
any  whicli  had  grown  in  the  open  dnyltglit.  According  to  Du- 
trochet,  it  requires  a  withdrawal  of  the  light  for  about  twenty 
days  to  cause  an  entire  cessation  of  the  movement  in  Cliara. 

The  effect  of  verj-  intense  light,  and  the  influence  exerted  by 
it  u|)on  protoplasm  containing  chlorophyll,  will  be  examined 
under  "Assimilation." 

5T2.  Relations  of  protoplasm  to  eleHrleltjr.  Chemical  changes 
within  the  jilaut  result  in  the  protUiction  of  electrical  ptirrenta  in 
protoplusm  ;  at  this  point  it  is  proper  to  examine  briefly  the 
effect  produced  upon  protoplasm  by  continued  and  induced 
cnrrents. 

When  the  Plasmodium  of  a  myxomyccte  is  placed  between 
platinum  electrodes  on  a  glass  slide  nndcr  the  microscope,  and 
B  cnrront  sent  through  the  mass  (Vom  one  small  Grove  element, 
very  little  if  any  eflcct  is  Dbservnbic  ;  but  if  the  current  from  a 
few  elements  is  employed,  there  is  nt  once  more  or  less  rounding 
of  the  branched  mass,  and  there  may  also  be  a  reversal  of  the 
course  of  the  circulation.  When  more  elements  are  used,  the 
prot'>plaHm  may  be  killed.  If  the  protoplasm  in  cells  be  experi- 
mented upon,  nearly  similar  phenomena  are  noticed.  Protoplasm 
is  not  a  good  conductor  of  electricity.  JUrgensen  made  some 
expcrimcnU  on  the  action  of  a  current  from  small  Grove  ele- 
ments uiKin  the  leaf-cells  of  Vallisneria  spiralis.  A  continued 
current  ft'om  one  element  did  not  cause  any  appreciable  change 
in  the  protoplasmic  movement ;  but  when  two,  three,  or  four 
were  employed,  the  current  retarded  tlie  moremont,  and  after 
a  while  completely'  arrested  it.  In  those  cases  where  the  move- 
ment had  been  simply  checked,  it  was  re-established  in  full  in- 
tensity shortlj-  after  cutting  ofl'  the  current  of  electricity;  but  in 
those  where  it  had  lieen  entirely  stopped,  it  did  not  begin  again. 

.573.  The  effect  of  an  inteiTUpted  current  of  electricity  is 
essentially  the  same  as  that  produced  bj-  mechanical  shock. 
The  protoplasm  generally  conti'acts  nt  certain  points  forming 
email  roundish  masses  in  the  lines  of  the  slender  threads,  and 
the  movements  are  arrested. 

574.  Hofmcister  states  that  a  constant  current  is  practically 
without  any  influence  upon  the  circulatory  movement  in  the  cells 
of  Chara,  but  that  the  interruption  of  the  current  produces 
nearly  the  same  effect  as  a  sudden  mechanical  shock  or  a  shaqi 
change  of  temperature,  ile  observed  essentially  the  same  phe- 
nomena in  the  hairs  of  the  nettle,  although  in  these  there  was 
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also  more  or  less  of  the  aggrcgutioo  into  rounded  masses  alluded.) 
to  in  564. 

575.  The  effect  of  mechaalcBl  InitatlitD  npon  protoplasm  ia 
plants  can  be  eaailj'  examineO  in  cells  or  in  plnsmodia.  ^Yhen 
ft  cell  or  Nitella  which  exhibits  rapid  c-irculation  of  protoplasm 
is  held  somewhat  firmly  by  pressure  on  the  cover-glass,  the 
movement  is  arrested  instantly,  but  after  a  short  time  it  is 
resumed.  Even  in  those  cases  where  the  pressure  has  been 
Buflicient  to  disturb  the  anangcment  of  the  chlorophyll  granules, 
the  arrested  motions  are  soon  to  be  seen  again.  For  experi- 
ments upon  the  eScct  of  pressure  and  shock,  the  stamen-hairs  of 
Tiadescantia  are  even  belter  than  cells  of  Nitella  or  Chara, 
for  pressure  brings  about  an  apparent  disintegration  of  the 
threa<ls,  and  ali  motion  is  suspended  for  several  minutes ;  but  if 
the  injury  has  not  been  too  severe,  it  soon  begins  again.  Hotr 
far  such  injuries  can  be  carried  without  alTecting  the  \itality  of 
the  protoplasm,  may  be  seen  from  the  following  observations. 

According  to  Gozzi.'  if  a  cell  of  Chara  is  ligated  firmly,  the 
circulation  is  checked  for  a  short  time,  and  then  begins  in  each 
half  of  Uie  cell.  It  is  stated  by  Ilofmeister  that  when  a  root- 
hair  of  Hydrocharis  Morsus-rsna:  is  severed,  the  protoplasm  in 
the  cell  remains  motionless  for  a  short  time,  during  which  the 
cut  surface  of  the  cell  is  being  closed  by  a  portion  of  the  proto- 
plasmic mass.  When  the  surface  is  completely  closed,  the  cir- 
culation begins  again  within  the  healed  cell. 

576.  Rosano0*s  observation,*  which  has  been  repeated  many 
times,  is  of  much  interest  in  connection  with  this  subject. 
When  a  cell  fVom  the  endosperm  of  Ceratopliyllum  demcrsum, 
having  rapid  circulation  of  protoplasm,  is  placed  under  the  mi- 
croscope, and  a  slight  pressure  is  exerted  on  the  cover-glass 
for  a  moment,  the  circulation  stops  at  once,  the  lliick  axile 
threads  of  protoplasm  begin  to  round  at  one  or  more  places,  and 
fi^ra  the  aggregations  slight  processes,  somewhat  like  tenta- 
cles, appear.  After  a  trliile  these  are  retracted,  and  the  normal 
circulation  is  resumed.  But  sometimes  it  happens  that  these 
tentacles  become  separa(«d  ftom  the  threads  to  which  they  be- 
long, for  a  time  lie  without  movement  near  them,  and  then 
become  again  confluent  with  them. 

Mechanical  shock '  causes  ttie  active  Plasmodia  of  the  tnj 


J  Qaoled  bj  HofrnpiBter  in  Die  Lehre  von  der  Pflwwcnielle,  1867,  p.  BOk. 

*  Die  Lehrc  voti  Jrr  Pflanzcnzelle.  ]>.  G1> 

*  HofmeitUr ;  Pnanzenzelle,  p,  26, 
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injcetes  to  become  rounded  into  the  fonn  of  eomewbat  flattened 
drops,  from  whii-h  slender  branehes  protrude  after  a  short  time. 
If  pressure  is  now  made  upon  those  portions  of  the  hranohed 
Plasmodium  in  which  circulation  is  to  be  seen,  the  movement 
stops  at  once,  and  is  not  resumed  for  two  or  three  minutes ; 
but  after  that  period  of  rest  it  goes  on  as  before.  AVben  a 
plasmo<lium  is  cut  in  halTCa,  the  circulation  is  to  be  seen  after 
a,  while  in  the  separated  portions.' 

577.  Belallons  of  protoplasm  to  grarltaUVD.  Concerning  the 
influence  of  grnvitatiou  on  the  form  assumed  bj'  protoplasm,  it 
need  onlj"  be  said  here  that  the  tliianer  Plasmodia  appear  to  yield 
readily  to  this  force.  Pfefl'er'  found  that  in  a  saturated  atmos- 
phere the  Plasmodium  of  £thnlium  moved  in  the  dark  with  equal 
freedom  whether  the  moist  bibulous  paper  on  which  it  rested  was 
held  horizontally  or  vertically  ;  Straabui^er*  also  has  noted  the 
same  fact.  If  one  part  of  the  paper  is  more  moist  than  auothcr, 
it  is  to  the  very  wet  spot  that  the  plasmodium  wanders. 

578.  B«Utions  of  protoplasm  to  tnolstare.  The  relations  of 
water  to  the  activity  of  protoplasm  are  not  yet  thoroughly  nnder- 
stooil.  It  has  been  seen  (577)  that  there  is  a  tendency  of  Plas- 
modia to  move  to  the  points  where  there  is  tlie  most  moisture ; 
and  in  general  it  may  be  said  tliat  a  large  amount  of  water  is 
favorable  to  all  protoplasmic  movements.  Thus  Delineckc* 
found  that  the  protoplasm  in  the  cells  of  tbe  collenchyma  of 
Balsamina  oxhibitfid  no  circulation  until  the  section  had  been 
placed  in  water;  and  the  same  phenomena  can  be  shown  in 
sections  of  many  active  plants. 

On  the  other  band,  Velten  has  shown  that  in  some  eases  the 
protoplasmic  movement  stops  when  a  plant-hair  is  placed  or  kept 
for  a  time  iu  water,  but  is  resumed  if  it  is  transferred  to  a  dilute 
solution  of  gum-arabic,  although  tbe  protoplasm  was  furnished 
with  8  greater  supply  of  wal«r  in  the  former  than  iu  the  latter 

A79.  Some  harmless  plasmolytic  agents  (see  p.  27),  for  in- 
stance a  dilute  solution  of  sugar,  added  to  tlie  wati.T  in  wliich  the 

1  PteSer  :  Pflunzeopbyaialogie,  ii.  390. 

'  FfeOer :  THttDzeDpliygialogic,  ii.  3SS. 

■  Wirkoiig  dca  Lielites  ant  SchwannspoT«i,  1878,  p.  71-  Dehnpcfce  (Ueher 
nicht  UHiudliimde  Chlorophyllkorper,  1830)  boa  ahonii  thu,  the  various 
bmlii^B  wbi«h  occur  in  pmtopliiam  of  cells  —  for  initiuice,  chlorophyll  gniinles, 
«tanh-graXu9,  aail  tlie  like  —  hare  a  marked  tendi-ncy  to  Hltik  to  that  part  of 
the  cellulose  wall  which  is  lowest  The  ehinge  of  position  t*kea  place  aome- 
timea  in  n  few  niinutex,  MmetimM  only  after  several  houis. 

•  Flora,  18SI,  p.  8. 
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protoplasm  of  the  cells  of  Tradescantia  stamen-hairs  is  exhibit- 
ing rapid  circulation,  cause  an  increase  in  the  rate  of  movement. 
This  fact  has  been  considered  to  show,  in  connection  with  the 
cases  mentioned,  that  for  the  most  rapid  circnlation  of  proto- 
plasm there  must  be  a  definite  amount  of  water, — the  optimum. 

580.  When  any  of  these  plasmoljtic  agents  are  used  in  too 
concentrated  a  solution  they  may  exert  a  much  more  marked 
effect  upon  the  protoplasmic  contents  of  a  cell ;  not  only  does 
all  movement  cease,  but  the  mass  shrinks  into  small  bulk,  and 
does  not  afterwards  recover  its  former  shape  and  size.  As  a 
result  of  their  action,  two  other  phenomena  are  presented :  (1)  the 
protoplasm  of  one  cell  can  be  seen  in  some  cases  to  be  connected 
through  the  cell- wall  with  the  protoplasm  in  the  adjoining  cell ; 
(2)  a  change  takes  place  in  the  firmness  or  turgor  of  the  cell- 
wall.  Both  of  these  phenomena-must  receive  attention  at  a  later 
stage.  When  a  cell  containing  living  protoplasm  is  placed  in  a 
harmless  and  dilute  solution  of  any  coloring-matter,  for  instance 
logwood,  its  wall  becomes  more  or  less  tinged  by  the  dye,  but 
the  protoplasm  retains  for  a  while  at  least  its  power  of  move- 
ment, and  does  not  take  up  any  of  the  dj'e.  If,  however,  the 
protoplasmic  mass  is  injured  or  dead,  it  absorbs  the  coloring- 
matter  with  great  avidity. 

581.  Relations  of  protoplasm  to  various  gMes.  Experiments 
upon  the  effects  of  gases  on  the  behavior  of  protoplasm  can 
be  best  conducted  by  means  of  the  simple  gas-chamber  shown 
in  Fig.  195.  A  current  of  the  gas  employed  is  drawn  through 
tlie  tube  a  by  means  of  any  simple  aspirator;  and  in  a  few 
seconds  the  specimen  previously  placed  upon  the  glass  at  5, 
and  protected  by  a  cover-glass,  is  thoroughly  surrounded  by 
it.  By  the  use  of  this  apparatus  it  has  been  found  that  the 
presence  of  free  oxygen  is  essential  to  protoplasmic  movements. 
Hofmeister  and  Kuhne  have  shown  that  when  this  gas  is  no 
longer  supplied  to  the  protoplasmic  mass  or  to  the  cells  in 
which  the  protoplasm  is  contained,  all  movements  cease.  Thus 
Hofmeister^  found  that  the  circulation  of  Nitella  was  completely 
arrested  in  thirteen  minutes  after  the  air  was  wholly  removed. 
Kiihne"  replaced  by  hydrogen  the  air  in  which  the  hairs  of 
Tradescantia  had  shown  rapid  movement,  and  after  several 
hours  all  motion  was  arrested. 

582.  Corti,*  the  discoverer  of  the  circulation  in  Nitella,  placed 

1  Die  Lehre  von  der  Pflanzenzelle,  p.  49. 

*  Untereuchnngen  iiber  das  Protoplasma,  1864,  p.  107. 

*  Meyen :  Pflanzenphysiologie,  ii.  224. 
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cella  in  whi^'h  tbe  movements  were  plainly  seen,  in  olive-oil,  in 
order  to  exclude  the  air.  A  short  time  after  thia  was  done  tbe 
movement  stopped.  In  Hofmeister'a '  repetition  of  Corti's  ex- 
periment the  arrest  of  the  protoplasmic  movemeut  occurred  in 
five  minnt«8  in  olive-oil ;  after  the  oil  had  been  carefully  pouretl 
off,  the  movements  reeommenccd  in  thirty  minutes. 

583.  Eiihoe  experimented  also  upon  the  replncement  of  the 
oxygen  needfiil  for  protoplasmic  movements  by  carbonic  acid, 
and  found  this  gas  much  better  than  oil  for  excluding  air. 
Upon  removal  of  the  plaut-hairs  fVom  oil,  it  is  difficult  to  take 
airay  the  last  trace  of  adherent  oil. 

584.  Tbe  ordinary  anesthetics,  chlorofonn  and  etber,  arrest 
the  movements  of  protoplasm.' 

585.  The  stractore  of  protoplasm.  Having  tbns  briefly  ex- 
amined some  of  the  more  striking  phenomena  of  protoplasmic 
movemout,  the  question  must  now  be  askcl,  What  is  the  struc- 
ture of  a  substance  which  exhibits  these  phenomena? 

By  the  highest  power  of  the  microscope  it  appears  as  a  homo- 
geneous hyaline  mass  holding  iu  its  substance,  but  apparently 
as  foreign  bodies,  very  minute  gi'anules.  But  when  the  proto- 
plasmic matter  ia  stained  by  the  skllfUl  use  of  pigmeuts,  its 
horn oge neons  character  disappears. 

586.  Schraitz  has  confirmed  and  extended  the  olraenations 
of  Frummann,  which  show  tliat  in  some  cases  at  least  the  pro- 
toplasmic body  is  a  reticulated  fhimework  of  extremely  delicate 
fibrib,  between  the  meshes  of  which  ia  a  homogeneous  liquid. 
There  is  unobstructed  communication  between  the  different 
meshes,  so  that  the  whole  of  the  liquid  may  be  regai-ded  as 
practically  oue  moss.  The  network  of  fibrils  does  not  possess 
any  rigidity,  but  is  constantlj'  mobile  under  favorable  condi- 
tions, and  undergoes  manifold  changes  of  form.  The  reticulated 
Btmctnre  is  most  clearly  seen  in  the  parietal  protoplasm,  and  the 
larger  bands  of  cells  which  contain  relatively  considerable  sap. 

When,  after  hardening,  protoplasm  is  carefully  stained  with 
hematoxylin,  tlie  whole  mass  appears  to  be  equally  and  evenly 
colored ;  but  it  is  in  reality  only  the  network  which  takes  up  tbe 
color,  the  liquid  in  the  roeahcs  remaining  uncolored. 

Imbedded  iu  the  protoplasm,  especiallj-  iu  the  inner  portions, 
Uiere  are  generally  minute  granules  which  have  a  high  degree 
of  refringency.  and  which  stain  very  deeply  with  the  dye ;  these 
arc  the  microsomata  of  Ilanstein. 


k. 


Die  Lehre  von  lier  Plliinienwlle,  p.  id. 

CUnde  BeMMii  :  Lt^na  am  lea  Ph^nomiuM  Ue  U  Vif,  1S70. 
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587.  Up  to  the  present  time  the  microscope  has  not  revealed 
more  than  these  facts  respecting  the  intimate  structure  of  proto- 
plasm, and  from  these  alone  no  clear  conception  can  be  formed 
of  the  mechanics  ^  of  protoplasmic  movements. 

588.  It  is  just  at  this  stage  of  the  inquiry  respecting  the 
structure  of  protoplasm  that  many  have  sought  to  apply  an 
hypothesis  known  as  Nageli's;  namely,  that  all  organized 
bodies  consist  of  structural  particles  (termed  miceUcB)^  each  of 
which  is  individually  enveloped  by  a  film  of  water  holding  vari- 
ous substances  in  solution.  According  to  Nageli's  view,  as  origi- 
nally given,  the  micellae  are  never  spherical,  but  possess  a  true 
crystalline  character,  as  shown  by  the  relations  of  organized 
bodies  to  polarized  light.^    These  mlcellse  are  believed  to  obey 

^  Hofmeister  regarded  protoplasmic  movements  as  directly  dependent  upon 
changes  in  the  capacity  of  living  protoplasm  for  absorbing  water,  shown  by 
puUating  vacuoles  (see  120).  In  the  mass  of  a  plasmodium,  or  in  the  free 
spores  of  some  algie,  there  are  generally  to  be  detected  easily  under  the  micro- 
scope minute  spherical  cavities  filled  with  watery  sap  which  are  constantly 
changing  in  size.  Their  rhythm  of  change,  or  pulsation,  as  it  is  called,  is  differ- 
ent for  different  plants,  varying  from  a  few  seconds  to  as  many  hours.  Their 
increase  in  size  is  usually  gradual  until  the  maximum  is  reached,  when  snd- 
denly  the  cavity  or  vacuole  contracts  even  to  the  point  of  vanishing,  and 
then  it  slowly  begins  to  form  again  at  the  same  place  in  the  mass.  The 
rhythm  of  the  pulsations  can  be  made  to  vary  with  changes  in  the  surround- 
ings ;  for  instance,  with  changes  of  temperature,  or  by  the  application  of  dilute 
solutions,  or  by  any  agent  which  modifies  the  alraorptive  power  of  proto- 
plasm for  water.  But  these  agents  are  also  efficient  in  controlling  the  rate 
of  protoplasmic  movement.  The  spontaneously  pulsating  vacuoles  appear  to 
indicate  that  the  absorptive  power  of  protoplasm  changes  spontaneously,  and 
is  different  successively  in  different  parts  of  the  mass,  thus  disturbing  the 
equilibrium  of  the  soft  mass  sufficiently  to  force  some  portions  from  place 
to  place.  But  Hofmeister  gave  no  explanation  of  the  cause  of  variations  in 
the  imbibition  power  of  protoplasm. 

2  In  his  earliest  work  on  the  subject  (Die  Starkekomer,  1858)  Nageli  applied 
the  word  molecule  (which  had  not  then  obtained  such  general  acceptance  in 
chemistry  and  physics,  with  a  different  signitication)  to  what  he  now  calls  the 
micella.  His  hy^wthesis  has  undergone  sundry  changes  from  time  to  time, 
one  of  his  last  important  publications  (Theorie  der  Giirung,  1879)  containing 
some  modifications. 

The  terminology  now  proposed  by  Nageli  applies  the  word  pleon  to  those 
aggregates  of  molecules  which  cannot  be  increased  or  diminished  without 
changing  their  chemical  nature  ;  for  instance,  crystals  which  contain  water  of 
cr}'8tallizatiou  would  be  called  pleons,  for  the  molecule  HjO  has  a  definite 
numerical  relation  to  the  molecules  of  the  salts,  and  examples  of  similar  x>leoua 
are  afforded  by  such  compound  salts  as  the  alums. 

Ck)mpare  with  this  the  following  statement :  — 

"  It  has  also  been  a  question  among  chemists  whether  molecular  combination 
poedble ;  in  other  words,  whether  it  is  possible  for  molecules  of  different 
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the  following  attractions:  (1)  that  of  cohesion,  by  which  each 
intlividual  micella  is  an  aggregate  of  raoleculea ;  ('2)  that  which 
t£ads  to  bring  adjaceaC  miccllie  togctlicr ;  (3)  that  of  adhc- 
eioD,  by  vhiuh  the  surfaces  of  the  micuUne  retain  their  films  of 
water. 

kinds  to  comlnne  chemicnlly,  each  prcsemajt  iU  integrity  in  tlie  compounil. ,  , . 
itBy  itnUGeilent  improbabitilf  on  Uiooretiuil  groanda  is  far  muro  ttiun  out- 
weighnl  bj  tlie  evidouce  o!  a  large  niiuiber  of  compounds  whoHu  cuDatitution 
is  meal  simply  eiplaiDcd  on  the  hypotlkesis  of  moleuular  combimitiou.  For 
Bxample,  in  ijte  crystalline  salts  it  is  impossible  to  doubt  thst  tho  water 
exists  u  aooh,  not  as  a  part  of  the  salt  molecule,  but  combined  with  it  as  a 
whole.  3i}  also  there  are  a  Dumber  of  double  salts  wbosu  canstitutioji  u  iiioit 
Mmply  expUioed  on  a  similar  hypotheais"  (Cooku's  Chemical  PliUDsophy, 
1882.  p.  137). 

Tiie  word  micella  is  applied  bj  Nageli  to  thoEe  aggregates  of  molecules 
irhicli  (like  crystals)  con  increase  or  diminish  in  size  without  changing  their 
chemical  nstnre.  The  micelU  is  assumed  to  be  much  larger  than  tbe  pluoo. 
"The  internal  structure  of  the  micella  is  crystalline,  while  the  o:itoiior  naay 
annme  any  shape. "  The  micellee  unite  to  form  micellor  aggregates ;  of  such 
tlio  cryBtiJliue  protein  granules  afford  a  good  example.  Thus,  according  to 
Ntigeli,  lire  terms  must  he  recognized,  —  the  atom,  the  molecule,  the  pleon,  the 
micella,  and  the  miccllar  aggn.'gate.  PfefTcr  applies  a  gnnentl  term,  Tagiiui,  to 
ftll  Mggtr^tes  at  molecules,  thus  bringing  under  one  bend  the  pleon,  miculln, 
kuil  micellar  SRgregite  ;  and  he  applies  tho  name  Si/tUagma  to  al!  badie.i  mads 
np  of  togmata.     The  subject  will  be  agniu  referred  to  under  "Osmosis." 

To  make  clearer  the  conceptiou  of  a  micella,  it  may  be  well  to  exomins 
briefly  two  Uirms  in  common  use  ;  namely,  atom  and  molecule. 

When  a  solid  body,  for  instance  a  crystal  of  aodic  chloride  (common  salt), 
ia  mechanically  separal«d  into  the  smallest  possible  fragmentl,  each  purticla 
■till  poaseatea  all  the  propertieR  of  salt.  Beyond  this  mechanical  limit  of  sepa- 
ration the  process  of  snbdjTisioa  may  be  carried  still  further  by  solution: 
the  minutest  fragments  of  the  Halt  can  be  broken  np  and  diffused  through  the 
■olvent,  and  yet  not  lose  their  essential  character  aa  salt ;  in  fact,  they  can  be 
a^in  recovered  without  change  from  the  solution.  But  it  is  impossible  to  go 
bryimd  this  latter  limit  of  •ejiarntion  without  altering  the  esiwntial  properties 
of  the  aulntance.  In  other  words,  by  this  auMimion  the  physical  limit  has 
been  reached  ;  namely,  the  molecule. 

A  ma/tevU  ia  undcT^tood  to  be  the  smslle^  amount  of  any  substance 
which  can  exist  as  such  in  the  free  state.     Hence  the  molecule  is  the  physical 

If,  however,  the  salt  is  suhdi Tided  by  chemical  means,  —  for  instance,  by  the 
action  of  slmng  sulpiiaric  acid,  —  its  identity  is  destroyed,  and  its  component 
part*  enter  into  new  relations,  and  cannot  be  rpstored  to  their  original  relations 
except  by  an  eroeodingly  complicated  process.  In  other  words,  the  physioil 
limit  has  been  OTerpassed  and  Che  chemical  limit  reached  ;  namely,  tlie  atom. 

Alom  is  generally  defined  u  "the  smallest  amount  of  a  given  substance 
which  can  exist  in  combination,"  or  "the  smallest  moss  of  an  element  tiut 
exists  in  an;  molecule."    The  atom  is  the  chemical  uiiit. 

Atoms  are  variously  combined  to  form  molecules :  molecules  are  vaiiously 
Igptg/Mi  to  form  masses. 
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Contiguous  micellae  in  any  organized  substance,  for  instance 
cell-wall  or  starch,  frequentlj'  possess  different  chemical  charac- 
ters, as  is  shown  by  the  fact  that  from  such  a  substance  one  por- 
tion can  be  taken  without  materially  disturbing  the  external  form. 

589.  By  means  of  the  changes  which  go  on  in  the  formation 
of  new  micellae,  and  in  their  reconstruction,  it  is  sought  to  account 
for  the  nutrition,  growth,  and  movements  of  organized  substances. 
This  is  essentially  the  basis  on  which  Engelmann*  founds  his 
explanation  of  the  movements  of  protoplasm.^ 

590.  Continalty  of  protoplasm  in  cells.  It  was  formerly  thought 
that  the  protoplasm  in  one  young  cell  is  completely  shut  off  from 
that  in  contiguous  cells  by  an  imperforate  cell-wall,  and  that  even 
in  the  cases  where  the  wall  is  perforate  there  is  no  communi- 
cation of  protoplasm  through  the  pores.  There  is  abundant 
evidence  to  show  the  incorrectness  of  this  A-iew.  In  some  cases 
the  protoplasm  in  one  cell  is  practically  continuous  with  that  in 

^  Hermann's  Handbuch  der  Physiologie,  i.  1879,  p.  374. 

'  The  application  of  this  hypothesis  by  Sachs  is  given  somewhat  folly  in 
the  following  extract  (Text-book  of  Botany,  2d  £ng.  ed.,  1882,  p.  666) : 
"Chemical  compounds  of  the  most  various  kinds  meet  between  the  micelln 
of  an  organized  body,  so  that  they  act  upon  and  decompose  one  another.  It 
is  certain  that  all  growth  continues  only  so  long  as  the  growing  parts  of  the 
cell  are  exposed  to  atmospheric  air ;  the  oxygen  of  the  air  has  an  oxidizing 
effect  on  the  chemical  compounds  contained  in  the  organized  structure  ;  with 
every  act  of  growth  carbon  dioxide  is  produced  and  evolved.  The  equilibrium 
of  the  chemical  forces  is  also  continually  disturbed  by  the  necessary  production 
of  heat ;  and  this  may  also  be  accompanied  by  electrical  action.  The  move* 
ments  of  the  atoms  and  molecules  within  a  growing  organized  body  represent 
a  definite  amount  of  work,  and  the  equivalent  forces  are  set  free  by  chemical 
changes.  The  essence  of  organization  and  life  lies  in  this  :  — that  oi^nized 
structures  are  capable  of  a  constant  internal  change  ;  and  that,  as  long  as  they 
are  in  contact  with  water  and  with  oxygenated  air,  only  a  portion  of  their  forces 
remains  in  equilibrium  even  in  their  interior,  and  determines  the  form  or  frame- 
work of  the  whole  ;  while  new  forces  are  constantly  being  set  free  by  chemical 
changes  between  and  in  the  molecules,  which  forces  in  their  turn  occasion 
further  changes.  This  depends  essentially  on  the  peculiarity  of  micellar  struc- 
ture, which  i^ermits  dissolved  and  gaseous  (absorbed)  substances  to  penetrate 
from  without  into  every  point  of  the  interior,  and  to  be  again  conveyed  out- 
wards. Neither  the  chemical  nor  the  molecular  forces  are  ever  in  equilibrium 
in  the  protoplasm  ;  the  most  various  elementary  substances  are  present  in  it  in 
the  most  various  combinations  ;  fresh  impulses  to  the  disturbance  of  the  internal 
equilibrium  are  constantly  being  given  by  the  chemical  action  of  the  oxygen 
of  the  air  ;  and  energy  is  continually  being  set  free  at  the  expense  of  the  proto- 
plasm itself,  which  must  lead  to  the  most  complex  actions  in  a  substance  of  so 
complicated  a  structure.  Every  impulse  from  without,  even  when  impercep- 
tible, must  call  forth  a  complicated  play  of  internal  movements,  of  which  we 
are  able  to  perceive  only  the  ultimate  effect  in  an  external  change  of  form." 
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I  next,  by  meane  or  delicate  threads  which  pass  througli 
pores  in  the  intervening  cell-wall.  Doubtful  instances  afforded 
by  the  cribroge-cells  have  been  already  alluded  to  {see  279). 
The  endosperm  cells  of  seeds  of  Strychoos  Nux-vomica  afford 
a  well-marked  example  of  the  cases  of  communication  between 
cells  of  seeds,  Tangl'  advises  that  very  thin  sections  parallel 
to  tbc  flat  surface  of  the  seed  be  ebaken  with  dilute  tincture 
of  iodine  or  with  a  solution  of  iodine  in  iodide  of  potassium  for 
about  five  minutes,  and  then  thoroughly  washed  with  pure  water. 
The  protoplasmic  and  otlier  contents  of  tlie  uninjured  cells  will 
then  appear  as  a  contracted  baU  having  somewhat  the  shape  of 
the  c«ll.  From  the  mass  in  one  cell  minute  threads  run  through 
pores  or  canals  in  the  wall  to  the  masses  in  the  adjoining  cells, 
and  tliere  is  no  break  in  their  continuity.  In  the  endosperm  of 
tiie  allied  epccies,  Strychnos  potatorum,  Tangl  did  not  detect 
eanals  of  the  character  found  in  S..  Niix-vomica. 

Gardiner'  has  demonstrated  the  existence  of  communicadoa 
between  the  protoplasmic  masses  in  contiguous  cells  of  the  pnl- 
vioi  of  the  leaves  of  some  plants  having  the  power  of  motion. 
When  sections  of  these  lea\'cs  are  placed  in  a  solution  of  a  salt 
which  causes  contraction  of  the  protoplasm,  the  shrunken  mass 
is  seen  to  be  oonnected  with  the  cell-wall  by  extremely  delicate 
threads  of  protoplasm.  The  threads  can  1>e  traced  to  pits  in  the 
wall,  and  there  it  can  be  seen  that  they  are  exactly  opposite  the 
threads  on  the  other  side  of  the  wall.  If  the  solution  of  the  salt 
used  is  too  strong,  some  of  the  threads  may  be  ruptiu-ed,  and 
then  one  free  end  of  each  thread  will  i-etract  to  the  main  mass 
while  its  other  part  goes  to  the  cell-wall.  If  fresh  sections  are 
treated  with  strong  picric  acid,  and  then,  after  washing  in  alco- 
hol, arc  stained  with  anilin  blue,  the  continuity  of  the  proto- 
plasm in  uninjured  cells  becomes  apparent.  Mimosa  atfoi'ds 
excellent  material  for  this  purpose. 

Hillhouse*  reports  similar  continuity  of  protoplasm  in  the  corl<?x 
of  the  stem  of  Laburnum,  and  in  the  petiole  of  several  leaves. 
The  fresh  material  is  to  be  placed  for  a  few  days  in  absolute  ■ 
Bleohol.  and  the  thin  sectAons  made  from  it  are  to  be  treated 
with  dilute  alcohol.  The  sections  are  then  to  he  placed  in 
concentrated  sulphuric  acid,  and  after  the  acid  has  removed  the 
cell-wall,  its  excess  is  to  be  withdrawn  by  means  of  a  pipette, 
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Pringtlieini'B  jDhrbttclm.  18S0,  p.  17D. 
Philosophical  TrnnsnctionH  Royal  Socirly,  1SS3,  clxiir. 
■      CentrBlblalt,  1883,  xiv.  80,  121. 
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and  the  preparation  very  carefully  washed.  The  application  of 
strong  glj'cerin  completes  the  treatment.  The  specimen  must 
not  be  removed  from  the  slide  during  the  whole  series  of  opera- 
tions. If  the  manipulation  has  been  careful  throughout,  the 
minute  threads  can  be  seen  passing  fk>m  one  mass  of  protoplasm 
to  the  next. 

591.  The  directions  given  by  Strasburger  for  demonstrating 
the  continuity  of  protoplasm  are  as  follows :  From  the  stem  of  a 
dicotyledonous  shrub  or  tree  (the  diameter  of  which  should  be 
at  least  a  centimeter)  the  periderm  is  removed  by  a  knife,  and 
verj'  thin  tangential  longitudinal  sections  are  then  made  through 
the  soft  green  bark.  The  parenchyma  ceUs  which  are  inter- 
mingled with  the  liber  contain  more  or  less  chlorophyll,  and  may 
have  pits,  the  very  smallest  of  which  are  not  bordered  (see  268). 
If  the  first  sections  have  shown  in  any  case  that  these  cells  are 
furnished  with  pits,  others  are  then  prepared  and  placed  at  once 
in  a  drop  of  a  solution  of  iodine  (that  of  iodine  in  an  aqueous 
solution  of  potassic  iodide  is  best).  The  excess  of  the  solution 
is  at  once  removed  and  the  preparation  covered  with  a  glass 
cover.  At  the  edge  of  the  cover-glass  there  is  placed  a  drop 
of  concentrated  sulphiuic  acid,  and  by  the  side  of  this  a  couple 
of  drops  of  dilute  sulphuric  acid ;  when  these  are  mingled  the 
mixture  is  allowed  to  flow  under  the  cover-glass,  while  a  bit  of 
filtering-paper  on  the  other  edge  of  the  glass  draws  it  through. 
The  specimen  becomes  dark  blue.  If  the  color  is  deep,  the  cover- 
glass  is  cautiously'  lifted  and  the  preparation  is  then  thoroughly 
but  carefully  washed  in  water.  After  this  washing,  a  drop  of 
a  solution  of  anilin  blue  is  added,  whereby  the  object  becomes 
stained  ;  then,  after  washing  again,  a  little  glycerin  *  is  added, 
and  the  cover-glass  is  fastened  down  with  some  cement.  For 
the  examination  of  the  specimen  the  strongest  objectives — pref- 
erably the  so-called  ''  homogeneous  immersion,"  emploj-ed  with 
cedar-oil  —  are  indispensal)le. 

Under  a  sufflcientl}'  high  power  the  middle  lamella  of  the  wall 
is  seen  to  be  somewhat  swollen,  while  the  contents  of  the  cells 
are  contracted  and  colored.  The  periphery  of  the  individual 
protoplasmic  masses  in  the  cells  of  the  cortical  parench^'ma  is 
smooth  on  that  face  which  was  in  contact  with  the  cell-wall  hav- 
ing very  small  pits ;  but  it  has  minute  protrusions  on  that  face 
which  was  next  the  bordered  pits.  Moreover,  the  protrusions 
in  contiguous  cells  are  exactly  opposite  each  other.     Between 

^  Strasburger  advises  the  addition  of  a  little  anilin  blue  to  the  glycerin. 
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the  protnisions  at  the  bordered  pits  there  extend  extremely  deli- 
cate tbreaits  of  protoplasui  which  have  a  granular  character. 
The  threads  ore  eoineivhat  curved  (especially  the  outer  ones), 
and  ai'e  slightly  swollen  in  the  middle.  In  peculiarly  goixl 
preparations  it  has  been  shown  that  there  is  an  apparent  inter- 
ruption at  the  middle  of  their  course,  but  that  at  tliis  break 
there  are  still  minute  filaments  which  serve  to  connect  them. 
From  these  and  kindred  observations  Strasbui^er  and  some 
othcra  have  adopted  the  view  that  there  is  snuh  a  degree  of 
contiDiiity  between  the  protoplasmic  masses  in  the  cells  that 
Ihej'  form  throughont  the  plant  an  unbroken  whole.' 

592.  That  protoplasm  may  perhaps  occur  in  intercellular  spaces 
appears  from  the  observations  of  Russow'  and  of  Berthokl.'  To 
demonstrate  this,  one-year-old  twigs  of  Ligustmm  vulgare  are 
hardened  for  a  few  days  in  absolute  alcohol,  longitudinal  sectiona 
of  the  primary  cort«x  placed  in  dilute  iodine  solution  (see  30), 
the  excess  of  iodine  removed,  and  dilute  sulphuric  acid  added. 
The  contents  of  the  cells  and  of  the  intercellular  spaces  will  then 
appear  us  yellowish -brown  masses. 

593,  That  protoplasm  can  in  some  cases  pass  through  an  im- 
perforate cell-wall  appears  from  the  observation  of  Coniu,'  that 
in  the  formation  of  the  macroconidla  of  a  certain  Nectria  all  tlie 
protoplasm  of  the  five  or  six  cells  of  the  spore  emerges  to  form 
the  macroconidium,  which  arises  as  an  outgrowth  of  one  of  the 
cells  of  the  spore.  The  four  or  five  partition- walls  thi'ough  which 
the  protoplasm  must  pass  are,  however,  neither  dissolved  nor 
perforated. 

It  is  probable  that  &  striking  phenomenon  of  fertilization  in 
phtenogftms,  namely,  the  complete  emptying  of  the  i>ollen-tube 
of  its  protoplasm  (see  "Fertilization")  without  apparent  break 
In  the  continuity  of  the  wall,  must  be  refeiTed  to  the  same  pene- 
trative power  of  protoplasm. 

The  withdrawal  of  the  principal  part  of  the  jirotoplasmio 
matters  from  deciduous  leaves  before  the  fall  of  the  leaf  may  be 
perhaps  explained  iu  the  same  way. 

Straslmrger  cites  as  an  illustration  of  this  penetrative  power 
the  well-known  coee  of  the  removal  of  protoploamic  matters 

I  Das  botanUche  PrBcticam.  1884,  p.  617.     Stnistmrgrr :  Bau  nad  Wacha- 
thuni  dt^r  Z«IIhiiUtc,  ISSS.  p.  246.     Frommaan  :  BeoliachtutiguQ  iiber  Strucliu     ' 
a  ProtopUsma  iler  PflaiizeiiEelleo,  18S0. 
'  SiU.  der  Dorpoter  Naturfor«chpr-Go»elIgchiift,  1882,  p.  19. 

*  Berichte  dcr  dea(«chen  botanischen  GeaellBuhiJl,  ii.  20. 

*  Comples  Bcadas,  1877,  tome  Izzxiv.  p.  133. 
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from  the  cells  around  the  buds  which  form  on  the  indsed  leaves 
of  Begonia.^ 

594.  The  relations  of  the  cell-wall  to  protoplasm  are  not  yet 

fully  understood ;  and  in  regard  to  some  of  them  there  exists 
among  botanists  considerable  diversity  of  opinion.  The  two 
principal  views  are  the  following:  1.  The  cell- wall  is  formed 
by  the  solidification  upon  the  exterior  of  a  protoplasmic  mass, 
of  matters  previously  dissolved  in  it.  The  pellicle  thus  pro- 
duced is  regaixled  as  a  sort  of  excretion  (since  in  most  cases  it 
is  not  again  to  be  dissolved  and  employed  by  the  organism)  or 
as  a  secretion  (because  in  a  few  instances  it  can  be  dissolved 
and  utilized  a  second  time  by  the  plant).  The  substance  capa- 
ble of  thus  solidifying  upon  the  surface  of  protoplasm  consists  of 
cellulose  combined  with  water  and  a  small  amount  of  incombus- 
tible matters,  but  it  is  not  positively  known  in  what  condition 
these  were  previously  combined  in  the  protoplasm.  2.  The 
cell-wall  maj'  be  regarded  as  directly  produced  by  a  conversion 
of  the  outer  film  of  protoplasm  into  cellulose  with  which  some 
other  matters  are  intermingled.^ 

595.  The  young  cell- wall '  is  practically  a  homogeneous  film  of 
cellulose,  which  speedily  undergoes  changes  both  in  its  chemical 
and  physical  character.  In  many  of  the  lower  plants  the  wall 
difiers  in  some  particulars  from  that  found  in  the  higher  plants 
(see  p.  29),  but  the  differences  need  not  enter  into  the  present 
description. 

59G.  Two  views  are  held  respecting  the  mode  of  growth  of 
the  cell-wall.  The  first  may  be  regarded  as  based  upon  the 
hjpothesis  of  Nageli  spoken  of  in  588.  From  some  of  the  mate- 
rials held  dissolved  in  the  adherent  film  of  water  around  each 
micella  new  micellaB  of  cellulose  are  supposed  to  be  produced, 


*  "That  protoplasm  can  pass  through  closed  cell- walls  is  beyond  doubt " 
(Vines,  note  to  second  edition  of  Sachs's  Text- book,  p.  946). 

*  The  view  that  cellulose  is  a  kind  of  secretion  is  stated  at  great  length  in 
Hofraeister's  Ptlanzenzelle,  and  in  several  communications  by  Sachs  in  Bota- 
nisclie  Zeitung.  The  second  view  is  given  by  Schmitz,  Sitz.  der  niederrhei- 
nischen  Gesellschaft  fiir  Natur-  und  Heilkunde,  Bonn,  1880.  He  bases  his 
opinion  largely  upon  the  fact  that  in  some  cases  the  cells  gradually  become 
emptied  of  protoplasm  as  the  amount  of  cell-wall  increases,  and  upon  the  phe- 
nomena which  attend  the  increase  of  the  cell- wall  in  thickness. 

*  It  was  believed  by  some  of  the  earlier  phytotomists  that  the  cell-wall  was 
a  close,  firm  network  of  extremely  fine  fibres,  while  others  held  it  to  be  com- 
posed of  minute  granules.  In  these  explanations  of  structure  it  was  confessed 
that  the  ultimate  fibres,  or  ultimate  granules,  lie  just  beyond  the  reach  of  the 
highest  powers  of  the  microscope. 
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wbich  are  interpolated  betwMn  the  old.  This  is  the  intussus- 
ception thcor)-.  It  has  gradoaUy  displaced  &n  older  tht.-or}', 
namely,  that  of  growth  by  appoaiti<»i.  As  the  older  theorj-  was 
usually  held,  it  presented  two  modiGcations,*  —  one  that  the 
growth  of  a  celi-wall  in  thiclcness  takes  place  on  the  exterior  of 
the  wait,  so  that  in  a  strutified  wall  all  the  outermost  portious 
are  the  newer ;  the  other,  that  all  the  new  matter  is  laid  down 
u^Mn  the  interior  of  the  old. 

The  apposition  theory'  has  recendy  attracted  mneb  attention 
from  the  studies  of  Schinitz,  and  from  its  adoption  and  advot^cy 
by  Straaburger."  As  now  held  by  these  auUiors,  the  view  is  this  : 
BtratiQed  and  other  cell-walls  grow  in  Uiivkuess  by  the  deposi* 
tioQ  of  new  particles  upon  the  inner  face  of  the  cell,  much  as  a 
crystal  adds  new  particles  to  itself;  growth  in  sarfai-e  is  the  result 
of  a  simple  strett'hing  of  the  wall  by  the  pressure  of  the  con- 
tents upon  it. 

Any  solution  which  causes  a  shrinking  of  the  contents  of  the 
cell,  and  thus  diminishes  the  pressure  on  the  wall,  may  canse 
a  diminution  of  the  size  of  the  cell  itself.  The  bearing  of  this 
upon  tbe  turgescence  of  the  cell  will  be  again  adverted  to  under 
"  I'ropcrtiea  of  New  Cells  and  Tissues." 

To  the  physical  characters  of  cellulose  already  mentioned 
(see  129),  may  now  be  added  that  property  which  is  possessed 
also  by  many  other  organized  substances :  namelj',  that  of  swell- 
ing greatly  when  placed  in  water.  The  wall  of  a  hving  and  active 
cell  is  of  course  moist,  and  its  increase  in  size  on  tbe  addition  of 
more  water  is  seldom  marked ;  but  under  certain  circumstances 
the  amount  of  water  in  tbe  cell-wall  even  of  an  active  cell  may 
fall  below  its  usual  amount,  and  then  the  application  of  water 
will  cause  an  appreciable  chauge  of  bulk.  Such  change  in  the 
amount  of  water  may  take  i>lace  with  great  rapidity  upon 
slight  external  disturbances,  such  as  shock  :  in  these  cases,  tbe 
amount  of  water  in  the  protoplasm  in  contact  is  corresjxtndingly 
modified. 

637.  Historical  note  rcfartfln;  protApIasm.  The  word  proto- 
plasm appears  first  in  a  memoir  by  Mohl,  in  1846,  "On  the 
Movement  of  Sap  in  the  Interior  of  Cells,"  which  deals,  however, 


m  account  of  the  two  modilicRtioDB  of  tbe  apposition  theory,  Iha 
refviTHl  to  Hsrting's  paper,  tninslnled  in  Liani^i,  1846,  onil  Mobl'a, 
1  Boldiiische  Zellmig,  184fl.     A  fair  BUItroent  of  the  firat  modificotion 
preaentnl  in  Mulder's  Physiologies]  Chemistrj. 

*  Stnsba^r  :  Baa  mid  Wschsthum  da  Z«ll[uiiit«,  1893. 
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Dot  SO  much  with  the  moYement  of  what  woald  to-day  be  called 
cell-sap,  as  with  tlie  general  behavior  of  all  the  motile  contents 
of  active  vegetable  cells.  After  showing  that  his  predecessors 
had  not  clearly  understood  the  important  part  played  in  the  life 
of  the  cell  by  the  viscous  matter  known  vaguely  up  to  that  time 
as  schleim^  or  mucus,  Mohl  points  out  the  essential  identity  of 
the  nucleus,  primordial  utricle,  and  the  basic  substance  filling  all 
but  the  8ai>-cavities  of  the  cell.  For  the  substance  which  is 
essential  to  the  formation  of  every  new  cell  and  to  the  develop- 
ment of  newly  formed  cells  he  proposed,  upon  physiological 
grounds,  the  significant  name  protoplasma. 

For  convenience  of  reference,  the  paragraph  in  which  the  word 
is  first  emplo^'ed  is  here  given :  — 

*^  Da  wie  schon  bemerkt  diese  zahe  Fliissigkeit  iiberall,  wo  Zellen 
entstehen  sollen,  den  ersten,  die  kiinftigen  Zellen  andeutenden  festen 
Bildungen  vorausgeht,  da  wir  ferner  annehmen  miissen,  dass  dieselbe 
das  Material  f iir  die  Bildang  des  Nucleus  und  des  Primordialschlauches 
liefert,  indem  diese  nicht  nur  in  der  n'achsten  r'aumlichen  Yerbindung 
mit  derselben  stehen,  sondem  auch  auf  Jod  auf  analoge  Weise  reagiren, 
dass  also  ihre  Organisation  der  Process  ist,  welcher  die  Entstehang  der 
neuen  Zelle  einleitet,  so  mag  es  wohl  gerechtfertigt  sein,  wenn  ich  zur 
Bezeichnung  dieser  Substanz  eine  auf  diese  physiologische  Function 
sich  beziehende  Benennung  in  dem  Worte  Protoplasma  vorschlage."  ^ 

In  1835  Dujardin  described  a  contractile  substance  capable  of 
spontaneous  movement  in  certain  of  the  lower  animals,  to  which 
he  gave  the  name  Sarcode.  The  identity'  of  sarcode  with  that 
substance  which  forms  the  essential  body  of  animal  cells  and 
with  the  protoplasm  of  vegetable  cells  was  suggested  by  several 
investigators  and  finally  demonstrated  by  Max  Schultzein  1861.* 

Schwann,  even  as  early  as  1839,  pointed  out  various  analogies 
and  homologies  between  animal  and  vegetable  cells,  and  enun- 
ciated the  following  proposition:  animal  cells  are  completeh' 
analogous  to  vegetable  cells,  and  are  quite  as  independent  in 
tlicir  mode  of  growth.  The  bearing  of  Schultze's  demonstra- 
tion upon  the  foregoing  proposition  is  obvious.  Schwann 
instituted  also  certain  comparisons  between  the  mode  of  forma- 
tion of  cells  and  that  of  crystals  ('' Microscopical  Researches 
into  the  Accordance  in  the  Structure  and  Growth  of  Animals 
and  Plants,"  translated  by  Henry  Smith  for  the  Sj'denham 
Society,  1847). 

1  Pk)tani8che  Zcitung,  1846,  p.  75. 

2  Archiv  fiir  Anatomie,  Physiologic,  nnd  wiss.  Medicin,  1861,  pp.  1-27,  and 
Das  Protoplasma  der  Rhizopoden  und  der  Pflanzenzellen,  Leipzig,  1863. 
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DIFFUSION,    OSMOSIS,   AND   AB60KPTI0N    OF   LIQUIDS. 
DIFFUSION  AND  OSMOSIS. 

598.  H'hen  two  liquids  which  are  notmiscible — for  instance, 
oil  and  water  —  arc  shaken  together,  and  then  left  at  rest,  they 
will  separate  sooner  or  later,  according  to  their  specific  gravity. 
But  if  two  miscilile  liquids  are  shaken  together,  they  remain  as  a 
bomogoneuus  mixture  no  matter  what  thiiir  spucilic  gravity  may 
be.  Also  when  two  miscible  liquids  are  lefl  in  contact,  without 
any  aj^itation  tbej'  become  thoroughly  commingled,  and  constitute 
a  uniform  mistui-e ;  this  unifortn  commingling  of  two  or  more 
miscible  fluids  is  termed  diffusion.^ 

5U!I.  Furthermore,  if  two  miscible  liquids  are  separated  by 
a  membraDO  which  can  be  moistenetl  b}'  tUem,  they  will  diffuse 
tliruugii  it  and  make  a  uniform  mixture.  Thia  latter  kind  of 
dilTusion.  in  which  the  contact  between  the  two  liquids  is  not 
direct,  but  takes  place  through  a  septum  of  some  substance,  ia 
known  as  osmosis.  In  the  plant  and  in  its  surroundings  the 
two  kinds  of  diffusion  play  such  an  important  part  that  they 
must  receive  special  attention. 

CUO.  Diffusion  of  llqaids.  The  rate  of  diiRision  varies  with 
the  nature  of  the  liquids  and  the  teni]}erature.  The  statements  in 
the  following  paragraphs  arc  substantially  as  given  by  Graham.^ 

>  PfaunJler  Applies  this  term  to  the  comtiiin^ling  whether  it  ia  or  is  Dot 
hruught  about  by  ogitation  (Mlillcr'a  Lehrbuch,  1877,  i.  182). 

'  Thi'y  ore  baseil  upon  two  serios  of  eiperimeots  conducted  with  very  idm- 
ple  BppDntus.  In  the  lint  serita  b  smnll,  wide-monlhed  visi  contuiniug  one 
Ii({uid  was  placed  in  a  jar  holding  the  other  liquid,  allowed  to  slB»d  a  few 
dnyi,  wilhdmwn,  and  the  amount  of  diSiuion  noted.  In  the  seeond  scries 
Onhain  pursued  the  pkn  of  placing  in  a  eylindrical  glass  jar,  152  mm.  high 
and  87  nim.  wide,  seven  tenths  of  a  liter  of  pun  water,  and  then  carefullf  cur- 
rying to  the  bottom  of  the  jar,  by  means  of  a  line  pipotte,  one  tenth  of  a  liter 
of  the  liquid  to  be  dilTused.  The  jar  was  then  left  at  rest  in  an  apartment 
where  Hie  tempemture  was  nearly  constant,  and  aftt-r  a 
were  drawn  off  carefully  in  portion!  of  fifly  ciibio  centimeters,  each  portion 
evaporated  sepaialely,  and  the  residue  remaining  after  ovapuration  i    ~  ~    ' 
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601.  Different  salts  in  solutions  of  equal  strength  diffuse  in 
unequal  times.  Thus  potassic  hjdrate  diffuses  with  double  the 
rate  of  potassic  sulphate,  and  the  latter  with  double  the  rate 
of  crystallized  sugar.  But  these  substances  have  a  compara- 
tively high  rate  of  diffusion.  A  solution  of  caramel  (sugar 
heated  till  it  becomes  brown)  diffuses  very  slowl}' ;  the  sugar  in 
this  case  has  been  so  changed  in  its  character  that  its  rate  of 
diffusion  has  been  reduced  from  a  high  to  a  very  low  one.  Gela- 
tin may  be  taken  as  the  representative  of  the  almost  ^^  fixed  "  or 
slowly  diffusible  class  of  substances ;  most  cr3'stalline  substances, 
as  representatives  of  the  highly  diffhsible  class.  The  former  are 
coUectivcl}'  known  as  colloids  (xoXXa,  glue),  the  latter  as  crystal- 
loids. It  must  be  noted  that  Graham's  use  of  this  word  ^^  crys- 
talloid*' is  different  from  that  in  which  it  has  been  employed  in 
speaking  of  the  protein  bodies  (177). 

602.  With  each  salt  the  rate  of  diffusion  increases  at  a 
slightl}*  higher  rate  than  the  temperature  of  the  solution. 

603.  The  members  of  certain  chemical  groups  are  equally  dif- 
fusible. Thus  hydrochloric,  hydrobromic,  and  hydriodic  acids ; 
the  chlorides,  bromides,  and  iodides  of  the  alkaline  metals,  etc., 
have  equal  rates  of  diffusion  into  pure  water. 

604.  The  diffusion  of  a  solution  of  a  salt  into  the  dilute  solution 
of  another  salt  takes  place  nearly  as  rapidly  as  into  pure  water ; 


The  difference  in  the  rates  of  diffusion  of  ten  per  cent  solutions  of  different 
substances  experimented  ui>on  in  the  manner  described  on  the  preceding  page 
is  clearly  shown  by  the  annexed  table. 


Number  of  stratum  from  above 
dowuwanlB. 

Sodic 
Chloride. 

Sugar. 

Oum. 

Tannin. 

1 

.104 
.129 
.162 
.198 
.267 
.340 
.429 
.535 
.654 
.766 
.881 
.901 
1.090 
1.187 
2.266 

.005 

.006 

.012 

.016 

.030 

.050 

.102 

.180 

.305 

.495 

.740 

1.075 

1.435 

1.758 

8.783 

.003 

.003 

.003 

.004 

.003 

.004 

.006 

.031 

.097 

.215 

407 

.734 

1.157 

1.731 

6.601 

.003 
.003 
.004 
.003 
.005 
.007 
.017 
.031 
.069 
.145 
.288 
.556 
1.050 
1.719 
6.097 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16.  16 

9.990 

10.003 

9.999 

9.997 

The  first  series  of  exi>eriraent8  are  described  in  Philosophical  Transactions, 
1850  ;  the  second,  in  1861. 
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but  if  the  secoiid  solution  contains  some  of  the  aalt,  like  that  iu 
the  first  aolntion,  the  rate  of  ditfusion  is  retarded. 

605.  The  rate  with  which  a  salt  passes  from  a  stronger  into 
a  more  dilute  solution  is  nearly  proportional  to  the  degree  of 
concentration.  The  approximate  times  required  for  the  diffu- 
sion of  equal  weights  of  various  substances  into  water  are  given 
in  the  following  table ;  — 

kHyilrochloric  acid 1. 
Sodie  chloride 2.33 
Uagneaic  Kulphate 7- 
Cane-aogHr 7. 
Albumin 49. 
Canmel liB. 
.   Of  the  colloids,  Graham  says;*  "Low  diffusibiUty  is 
e  only  property  which  the  bodies  last  enumerated  possess 
in  common.  .  .  .  Although  often  largely  soluble  in  water,  they 


'  Philo»opbic»l  Tratisiictiona,  1881. 

GnbaiD  laja  further  :  "Although  chemicnlly  inert  in  the  ardiimrj  sense, 
culludi  posscu  a  compeasatiDg  activity  of  their  owd  arising  out  of  their 
physical  propertira.  Wbilo  the  rigidity  of  the  cryBCalliue  structure  sbula  out 
ateniBl  iutyresaiouB,  the  aoftness  of  the  gelatinous  colloid  [lartakes  of  Buidity, 
and  enablea  the  colloid  to  become  a  medium  for  li(|uid  ditfusian,  like  water 
ittelf.  The  same  penetrability  appears  to  taks  the  form  of  cemantatioa  In  sQch 
oolloida  M  can  eiiat  at  a  high  tfmjvrature.  Henle  a  wide  sensiMlity  on  the 
part  nf  oalJaids  to  external  agents.  Another  and  eminently  characteriatie  qual- 
ity of  oollnids  is  their  mutability.  Their  existence  is  a  continiieil  metastasis. 
A  coUnd  may  be  compared  in  this  respect  to  water  while  exiHting  liquid  at  a 
tfnilwlvtilTe  under  its  usual  freezing  puint,  or  to  a  supersaturated  saline  solu- 
tion. Flniil  eollrnds  appear  to  hare  always  a  pcvtous  modification  (v^kt^i, 
eanlled],  as^brin,  casein,  albumin.  But  certain  liquid  colloid  saUtanees  are 
capable  of  fonntng  a  jelly,  and  yet  still  remain  liquetiable  by  heat  and  soluble 
in  water.  Such  is  gelatin  itselT,  which  i*  not  pectous  in  the  condition  of  ani- 
mal jelly,  but  may  be  so  aa  it  exists  in  the  gelatiferoua  tissues.  Colloids 
often  pass  under  tiie  slightest  influences  from  the  Rrst  into  the  second  condi- 
tion. The  solution  of  hydrsted  silicic  acid,  for  instance,  is  easily  obtained  in 
a  slats  of  purity,  but  it  cannot  be  preserred.  It  may  remain  fluid  for  days  or 
weeks  in  a  waled  tube,  but  la  sure  to  gelatinize  and  become  insoluble  at  lfl.it. 
Nor  doea  the  change  of  thb  colloid  appear  to  stop  at  that  point  For  tbe 
niuenl  forms  of  silicic  acid,  deposited  from  water,  such  as  flint,  are  often 
found  to  have  passed  during  the  geological  ages  of  their  existence,  Irooi  the 
Titreous  or  colloidal  into  the  crystalline  condition  (H.  Rose).  The  colloidal 
is,  in  fact,  a  dynamical  state  of  matter ;  the  cryBtalloidal  being  the  statical 
condition.  The  colloid  possesses  energia.  It  may  be  looked  upon  aa  the 
probable  primary  source  of  the  force  appearing  in  the  phenomena  of  vitality. 
To  the  gradual  manner  in  which  colloidal  changes  take  place  (for  they  always 
demand  time  as  an  element),  may  the  chancteristic  protraction  of  cheniico- 
orguic  changes  also  be  leferrod." 
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are  held  in  solution  by  a  most  feeble  force.  They  appear  singa- 
larl}'  inert  in  the  capacitj'  of  acids  and  bases,  and  in  all  the  ordi- 
nary chemical  relations.  But,  on  the  other  hand,  their  peculiar 
ph3'sical  aggregation  with  the  chemical  indifference  referred  to, 
appears  to  be  required  in  substances  that  can  intervene  in  the 
organic  processes  of  life.  The  plastic  elements  of  the  animal 
bod}'  are  found  in  this  class." 

607.  Osmose,  or  Osmosis.  Diffusion  of  liquids  through  mem- 
branes. The  interposition  of  a  permeable  septum  between  mis- 
cible  liquids  does  not  prevent  diffusion.  Thus  if  a  solution  of 
sodic  chloride  is  separated  from  pure  water  by  an  intervening 
membrane,  as  one  of  bladder  or  of  vegetable  parchment  (see 
page  32),  diffusion  takes  place  in  about  the  same  time  as  if  no 
membrane  were  present 

608.  For  most  experiments  in  osmosis  the  simple  apparatus 
known  as  an  osmometer  answers  very  well.  It  consists  of  a 
small  reser\'oir  furnished  with  a  membrane  bottom,  and  a  gradu- 
ated tube  at  its  upper  part.  A  verj^  good  osmometer  can  be 
prepared  fh)m  a  short-necked  bottle  from  which  the  bottom  has 
been  carefully  removed.  After  the  edges  at  the  bottom  have 
been  made  smooth,  a  piece  of  wet  parchment  paper  is  tightly 
fastened  on  by  waxed  thread.  Great  care  must  be  taken  to 
select  parchment  or  parchment  paper  which  is  fi*ee  from  perfora- 
tions,^ and  the  tube  at  the  neck  must  be  well  fitted  to  a  velvet 
cork,  so  that  no  escape  of  liquid  can  take  place  in  any  wa}*.  A 
film  of  ordinary  unsized  paper  evenly  covered  with  a  solution  of 
warm  gelatin,  which  cools  to  form  a  firm  mass  upon  its  surface, 
makes  a  good  substitute  for  parchment  in  this  apparatus.  A 
thin  film  of  white  of  egg  coagulated  b}-  heat  will  also  serve  well 
for  a  covering. 

609.  The  osmometer,  filled  to  a  ceitain  point  on  the  tube  with 
the  liquid  to  be  experimented  upon,  is  suspended  in  pure  water  so 
that  the  liquid  in  the  apparatus  is  on  exactly  the  same  level  as 
the  water.  It  will  be  seen  b3'  the  experiment  that  not  only  does 
diffusion  take  place,  but  that  there  is  a  change  in  the  level  of 
the  liquid  in  the  tube. 

610.  When  any  of  the  more  diffusible  substances  are  placed 
in  a  state  of  solution  in  the  reservoir,  a  small  amount  of  the 
crj'stalloid  passes  outwards,  while  a  much   larger  amount  of 


1  The  existence  of  actual  perforations  in  good  parchment  can  be  demon- 
strated by  subjecting  the  apparatus  to  pressure,  or  even  by  repeatedly  wiping 
the  exposed  surface  of  the  parchment  with  filtering-paper. 


PBBCIPITATIOS-VXSCBKAXES. 


Tbe  duage  of  lerel  cwis«d  ia  of  coarse 
accompuiied  bgrsn  imiBriiatc  diaagc  ia  tbe  hrdrDstatic  pres- 
aare,  KDd  beoce  vater  sbonU  be  added  lo  or  rcmoTcd  from  the 
outer  vessel,  lo  balutoe  iueqoaliliea  of  height  as  fast  ns  tfaey 

fill.  The  propoTttoaal  ximoaiits  of  the  Hobetances  inters 
changed  hsTe  been  determmed  bj  Tsrioos  observers.  JoUy,* 
by  an  ii^enioos  iDodiScat*on  of  the  oemometer,  obtained  the 
following  resotls ;  tbe  figures  represeatuig  the  wei^t  of  water 
which  replaced  hi  osmosia  one  pait  by  weight  of  the  subetAcce : 

Sa£eeUs(ide 4.3 

Ba^r 7,1 

BodknlphUa ll.C 

Maguoic  adphate ll.C 

Patnnc  «iil[^itc IS. 

Potunc  li]rdimte 215.7 

612.  These  figures  are  known  as  the  otmotic  equicalenU  of 
the  respective  substancvs,  bat  they  are  by  no  tneaos  constant; 
emix,  as  Ludwig'  ba^  ehown,  they  depend  partly  on  the  de- 
gree of  concentration  of  the  solution  used,  the  duration  of  the 
experiment,  and  the  character  of  the  membrane. 

613.  If.  however,  a  colloidal  body  is  placed  in  the  reservoir, 
very  little  eoniparatively  passes  outwards,  and  in  the  case  of 
Home  colloids  nothing.  "  Indeed,  an  insoluble  colloid,  such  as 
gnin-tr^acanth,  placed  in  ponder  within  the  osmometer,  wna 
found  to  indicate  the  rapid  entrance  of  water,  to  couvorl  Uio 
gum  into  a  bulky  gelatinous  hydrate.  Hero,  uo  outwanl  or 
double  movement  is  possible."*  This  verj-  important  fact  must 
l*e  Iiome  in  mind  in  the  application  of  the  phenomena  of  os- 
mose to  those  of  absorption  of  liquids  by  the  colloids  in  n(.'tiv« 
vegetable  cells. 

CH.  PreripitAUon-metnbnuiea.  Traube'  (in  18G7)  discovcrpd 
Uiat  wheu  a  drop  of  a  solution  of  copper-sulphate  ia  plac<'il  in 
a  solution  of  potassic  ferrocyanidc,  tliere  is  produced  over  its 
whole  surface  a  coherent  membrane  (of  precipitated  cupric  ferro- 
cyanide),  known  as  a  "'  precipitation -membrane."  This  at  onc« 
begins  to  increase  in  si^c,  but  somewhat  irregularly,  as  if  breaks 
DL-curred  at  the  upper  part  through  which  a  portion  of  the  liquid 

ZcilKhrin  Tiir  ration«lle  Uedicin,  ISID,  vii.  p.  R3. 
Poggtjiilorlf :  Annalen  d«r  Physik  imU  Chemie,  Inviii.  p.  307. 
Grobtm  :  Jaum.  Chem.  Soc,  1893,  p.  asil. 

liir  far  Anat.  n.  Physiol,  dn  BoU-BcjrnioiK]  n.  Bcichurt,  ISfl7,  p.  ST. 
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within  flowed  oat  only  to  meet  the  exterior  liquid,  and  there 
formed  instantly  a  precipitate  cohering  with  the  edges  of  the 
rupture.  If  a  fragment  of  chloride  of  copper  ia  placed  in  a  teat- 
tube  containing  a  strong  solution  of  potassic  ferrocjanide,  the 
action  is  more  rapid  than  with  copper-sulphate.  The  fragment 
dissolves  at  once,  and  forms  a  green  globule  at  the  bottom  of 
the  tube.  If  it  now  be  carefully  watched,  it  will  be  seen  that  a 
delicate  transparent  film  (the  precipitate  of  cupric  ferrocyanide, 
which  in  a  flocculent  state  is  brown)  is  produced  over  the  glob- 
ule, and  the  sphere  begins  at  once  to  grow  into  a  cylindrical 
body.  The  liquid  in  the  upper  part  of  the  closed  cylinder  is 
almost  colorless ;  that  at  the  bottom  is  deep  green.  The  inter- 
mittent gix>wth  in  height  appears  to  admit  of  only  one  explana- 
tion ;  namely,  that  the  membrane  is  torn  by  the  great  pressure 
within,  and  the  solution  of  copper  chloride  which  flows  through 
is  immediately  covered  by  a  newly  formed  film.  By  careful 
management,  such  growths  of  cylindrical  form  can  be  produced 
several  inches  long. 

Traube  also  discovered  that  when  a  drop  of  P  gelatin  (gelatin 
which  has  been  boiled  continuously  for  about  three  daj's,  there- 
by losing  its  power  of  coagulation)  is  placed  in  a  solution  of 
tannin,  a  film  forms  at  once,  which  begins  to  grow  into  a  spheri- 
cal cell,  but  without  the  appearance  of  irregular  and  intermit- 
tent rupture.  Such  an  artificial  cell  is  best  prepared  by  placing 
a  glass  tube  having  a  drop  of  P  gelatin  on  the  tip  into  a  solution 
of  tannin.  Its  growth  is  even  and  uninterrupted,  and  unless 
the  apparatus  is  disturbed,  no  appearance  of  rupture  is  observed. 
A  further  discovery  was  made  by  Traube ;  namely,  that  a  co- 
herent film  may  be  formed  even  by  the  contact  of  pure  water. 
The  coagulum  produced  when  gelatin  is  acted  on  by  tannin  (the 
so-called  tannatc  of  gelatin)  is  soluble  in  a  concentrated  solution 
of  tannin,  but  is  insoluble  in  a  dilute  solution.  If  a  drop  of  a 
solution  of  tannate  of  gelatin  thus  prepared  is  placed  in  pure 
water,  a  coherent  film  forms  at  the  surface  which  can  increase 
up  to  a  certain  size.* 

615.  Pfeffer  has  emploj-ed  the  precipitation- membranes  dis- 
covered by  Traube,  in  an  ingenious  apparatus  by  which  the 
pressure  developed  in  the  so-called  artificial  cell  can  be  accu- 
rately measured.     The  apparatus  consists  of  a  porous  porcelain 

^  At  this  point  should  be  mentioned  the  obseiration  of  Niigeli,  that  when- 
ever cell-contents  rich  in  protein  matters  come  in  contact  with  watery  media,  a 
iMinbniDeoas  film  is  formed  over  the  surface  (Pflanzenphysiologische  Unter- 
mehnngen,  1855,  pp.  9,  10). 
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or  clay  cell,  like  those  which  are  used  in  tLe  BuDScn  b&ttery, 
connected  bj-  means  of  a  glasa  collar  with  a  suitable  manometer. 
Within  the  clay  cell  a  precipilalion  film  b  fonacd ; '  tlie  cell  is 

>  The  IblluHing  icrouot  of  details  euential  to  niccru  in  these  PiperimcDt] 
of  Prof.  PfelTer  ha«  been  i.tcp«red  by  one  of  bis  jtudeuu.  Dr.  W.  P.  Wilson- 

The  princi|iiil  portion  of  the  ap|nratita  is  ■  porous  porcelain  «U,  i,  46  nun. 
high  kntl  la  mni-  in  iliainetcr.  sitii  walls  1)  mm.  in  Uiicknets.  This  cell  is 
cemented  on  to  a  piece  of  glua  tnbing.  v.  A  >ecoDd  piec«  of  tubing,  f,  with 
latmal  tabo,  is  cemented  into  the  fint  piece.  Thi  lateral  opening  is  for  the 
numometer  m,  the  one  at  ;  is  (or  the  oonrenience  of  SUing  and  SMlinj;  the 
ceU. 

One  of  the  tro  flnids  naed  in  fonning  the 
membrane  for  uporimentation  is  allowed 
to  peaetrele  the  poroaa  cell  from  nilboQC 
When  this  hai  thoroughly  taken  place,  the 
•Nond  Buid  is  ponred  into  the  interior.  The 
MStact  of  the  two  Bnids  take*  place,  there- 
fore, on  the  inner  surface  of  the  porous  cell, 
■nd  here  the  prMi[ntale  is  formed  which  it 
tanned  the  ptUidt-mejabrane  or  precipita- 
tion-membrane. Snbstancea  which  by  their 
mutital  contMl  give  rise  to  mch  prscipitation- 
mfmbranes  are  termed  mriRbmiKig«»ie.  It 
will  readily  be  seen  that  daring  any  internal 
ptemnre  the  porous  porcelain  cell  acts  as  a 
iupport  for  the  membrane.  If  the  exterior 
lolntion  is  copper-sulphate,  the  interior  solu- 
tion potassic  ferrocyitaide,  then  the  precipi- 
tated mnmbrane  will  be  cupric  ferrocyanide. 
AfUr  the  membrane  has  been  formed,  then 
any  aolution  not  chemically  incompetibls 
with  it  may  be  employed  in  the  cell ;  namely, 
•ynip  from  cane-sugar,  a  eatutlon  of  nltpetrt^ 
or  ■  still  stronger  solution  of  potassio  ferro- 
cysnide  than  was  used  in  the  prcpatition  of 
the  <«!l.  l«a 

As  the  successful  working  of  the  apparatus 
depends  upon  the  exact  carrying  out  of  quite  a  number  of  minor  details,  lbs 
following  description  of  the  method*  of  putting  the  paita  together  may  be 
found  useful ;  — 

In  orilcr  to  insure  abaolnte  freedom  from  any  foreign  tubetance,  the  porcelain 
oell  mnit  In  nicee»irely  waaheil  in  dilute  solutions  of  potasaic  hydrate  and 
hjdraebloric  acid,  and  then  thoroughly  dried.  Warm  a  piece  of  sealing-wax 
in  the  spirit-lamp  and  draw  it  to  a  point.  Slowly  heat  the  open  end  of  the 
oall  in  the  alixiholic  flame.  When  hot  enoimh  to  Tvry  readily  melt  the  wax, 
apply  the  point:  and  white  the  cell  is  continnslly  rotating,  corer  evenly  a  space 
to  the  depth  of  III  mm.  with  wax  in  the  interior.  It  should  be  about  2  mm. 
in  thickness-  Pick  up  the  thort  piece  of  tubing,  ■>,  which  hai  been  pntTJouily 
waxed  on  one  end,  and  rotate  it  orer  the  flame.  When  both  porrelain  cell  and 
glaaa  tub*  are  as  warm  as  they  oan  bo  uado  and  yet  the  wax  kept  smooth 
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then  filled  with  any  diffusible  liquid,  —  for  instance,  a  dilute  solu- 
tion of  sugar,  —  the  manometer  is  attached,  and  the  whole  appa- 
ratus is  placed  in  pure  water  or  smy  aqueous  solution. 


and  even  on  all  sides,  place  them  quickly  together,  lapping  about  15  mm., 
and  continue  the  rotary  motion  until  cool.  Take  a  scalpel  with  a  point  bent 
at  right  angles  to  the  blade,  heat  it,  and,  inserting  it  in  the  glass  tube, 
cut  away  the  wax  at  its  inner  end,  thus  exposing  a  shoulder  of  the  thickness 
of  the  glass.  Roll  out  in  the  form  of  a  pencil  about  2  mm.  in  diameter  a  piece 
of  sealing-wax  which  has  been  made  a  little  soft  by  the  addition  of  s  drop  or 
two  of  turpentine.  A  piece  of  this,  equal  in  length  to  the  inner  circumference 
of  the  glass  tube,  in  a  long  coil,  should  be  placed  on  the  point  of  the  scalpel, 
carried  in  to  the  shoulder  and  pressed  into  it.  A  little  heat  very  cautiously 
applied  from  without,  with  proper  turning  of  the  cell,  will  easily  cause  this 
softer  wax  to  flow  and  fill  the  shoulder  with  perfect  smoothness.  The  use  of 
the  softer  sealing-wax  makes  a  joint  which  will  not  crack  under  strong  pres- 
sure. Now  cement  the  tube  t  very  firmly  into  v,  with  the  same  precautions 
as  above.  Unless  a  pressure  of  more  than  three  atmospheres  is  desired,  the 
soft  wax  need  not  here  be  used. 

The  cell  is  now  ready  to  be  prepared  for  filling.  In  order  to  saturate  the 
porous  porcelain  with  any  given  solution,  the  air  must  first  be  wholly  removed. 
Place  the  apparatus  in  a  beaker  of  water  which  has  been  freed  from  air  by  boil- 
ing, and  set  the  whole  under  the  bell-jar  of  an  air-pump.  Exhaust  and  admit 
the  air  into  the  bell-jar  repeatedly  until  bubbles  can  no  longer  be  seen  to  rise 
from  the  porcelain.  Transfer  the  cell  to  a  three  per  cent  solution  of  copper- 
sulphate,  and  exhaust  the  air  again.  Four  or  five  hours  will  be  required  for 
this  solution  to  thoroughly  penetrate  the  porous  cell.  At  the  end  of  this  time 
remove  it  from  the  copper-sulphate,  empty  it,  and  with  some  long  twisted 
strips  of  bibulous  paper  quickly  dry  up  all  moisture  from  its  inner  surface.  If 
at  any  time  the  exterior  surface  of  the  cell  begins  to  appear  dry  before  the 
moisture  from  within  has  been  wholly  removed,  dip  it  at  once  in  the  solution 
from  whence  it  came.  At  the  moment  when  the  moisture  is  properly  removed, 
fill  the  cell  to  the  second  joint  with  a  three  per  cent  solution  of  potassic  ferro- 
cyanide  and  replace  it  in  the  copper-sulphate,  taking  care  that  the  surfacea  of 
the  two  fluids  are  in  the  same  plane.  An  interim  of  at  least  twelve  hours  must 
now  elapse  in  onler  that  the  membrane  may  be  properly  formed.  At  the  end  of 
this  time  the  cell  is  ready  to  be  used,  either  with  the  solution  which  it  already 
contains  or  with  some  other.  If  some  other  solution  is  to  be  employed,  then 
carefully  empty  out  the  potassic  ferrocyanide,  and  after  washing  the  cell  with 
a  little  distilled  water,  fill  it  with  the  fluid  to  be  used. 

The  cell  must  be  so  filled  and  sealed  as  to  leave  absolutely  no  air  within, 
otherwise  the  pres-sure  cannot  be  accurately  measured.  Insert  a  perforated 
rubber  cork  at  g.  Fill  the  manometer  from  the  quicksilver  to  the  extremity 
of  the  tube  with  potassic  ferrocyanide,  or  whatever  other  solution  is  to  be 
used  in  its  place,  and  push  it  into  position  in  the  cork.  Fill  the  cell  com- 
pletely full,  and  press  firmly  into  place  the  second  perforated  cork,  taking 
great  care,  first,  that  no  bubble  of  air  remains  at  its  base  ;  and  second,  that 
not  a  particle  of  potassic  feiTocyanide  comes  in  contact  with  the  outside  of 
the  cell. 

A  bent  glass  tube,  drawn  to  a  capillary  point  at  one  end,  should  now  be 
filled  with  potassic  ferrocyanide  and  slowly  pushed  into  the  cork.     If  this  is 
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In  certain  cxperimenta  by  Pfeffer,  made  with  a  siugle  ceil,  in 
which  was  a  solution  or  cane-sugar  coutainitig  a  trace  of  oue  of   i 
the  raombianogenic  substances,  while  the  water  outside  contained    ^ 
&  trace  of  the  other,  the  following  pressures  were  iudicated  :  — 


Pwc«nliieo  of  lugar  In  Ibe 
•olulloii,  bjr  wFlgliC. 

Tomperalu™. 

„™,.,„„ 

1 

13'.  7  C. 

63,8  om. 

1 

13.6 

5^.2   ■■ 

s 

14. 

101. U   " 

13.8 

203.2  " 

e 

1 

11.7 
U.8 

307.5  ■' 
■      f.3-5  '■ 

Witb  a  3.3  per  cent  solution  of  potossic  nitrate  in  the  cell, 
"feffer  obtained  a  mercurial  pressure  of  43C.8  cm. 

An  active  vegetable  cell  is  an  osmotic  apparatus.     The 
chief  agent  in  its  worlc  of  absorption  is  the  peripheral  film  of   ' 
tlie  colloidal  protoplasmic  mass,  and  this  receives  mechanical    I 
support  from  the  wall  of  cellulose  in  which  it  is  held.     It  wan 
formerly  believed  that  in  osmosis  there  is  always  an  exchange    ' 
of  materials,   one    current   passing  inwards   (cndosmose),   the 
Other  outwards  (exosmose) ;  and  there  are  numerous  cases  ia 
which  tliis  ia  true,  and  in  which  tlio  osmotic  equivalent  can  be 
calculated  (see  61~2}.     But  Pfeflcr's  experiments  show  how  great 
a  force  may  be  exerted  by  osmosis  in  cases  in  which  there  is 
tittle   or   no   substance  passing   out  to  replace  the  liquid  ab- 
sorbed.    In  the  series  of  experiments  in  which  a  solution  of 
sugar  was  employed  in  his  osmotic  apparatus,  no  trace  of  this 


properly  done,  anymiall  qoantity  or  air  which  maybe  in  the  upper  part  or  the 
oork  will  line  during  insertion  to  the  capillary  point  Gradually  and  eaulioaaly 
irartn  the  tuhe,  beginning  close  to  the  cork.  This  will  expand  the  lluid  and 
drive  the  air  nholly  out.  At  the  moment  nhca  the  solution  completely  fllla 
the  tubp,  fuse  the  capillary  point  in  the  spirit-lamp.  The  cell  is  now  entirely 
free  from  air  and  hermetically  seated.  Durin);  the  time  of  inserting  the  ma- 
noiueter,  corking,  and  sealing,  the  porcelain  part  of  the  cell  muit  not  be  allowed 
to  become  dry.  but  must  he  frequently  dipped  into  the  solution  from  which  it 
wu  taken.  With  unann^led  brass  wire  secure  both  corki  after  the  faahion 
of  ohampngne- bottles. 

Now  snspend  the  cell  in  the  solution  of  copper  sulphate  so  that  the  porce- 
lain shall  be  tthoUy  snbnierged  but  shall  not  touch  the  sides  of  the  vessel 
ooDtaining  the  salnlioD.     Note  the  position  of  the  mercury  in  the  i 

B  that  the  temperature  remains  constant  in  the  room.     It  the  cell  ii 
perfect,  a  certain  degree  of  pressure  will  be  indicated  iu  less  than  an  hour. 


1 
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substance  could  afterwards  be  discovered  in  the  water  on  the 
outside.  The  apparatus  lined  with  its  colloidal  film,  containing 
a  small  amount  of  saccharine  solution,  and  surrounded  bj  a  very 
dilute  aqueous  solution  of  mineral  matters,  is  an  instructive 
imitation  of  a  vegetable  cell 
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617.  Submerged  aquatics  may  absorb  with  their  whole  surface. 
They  are  bathed  m  dilute  saline  solutions  containing  the  gases 
essential  to  vegetative  activity,  and  the  materials  for  their  food 
can  be  taken  from  the  medium  surrounding  them,  perhaps  quite 
as  well  by  one  of  their  parts  as  by  another.  This  fact  is  well  illus- 
trated by  the  larger  algae,  in  which  the  organs  popularly  called 
roots  are  merely  mechanical  hold-fasts,  and  the  work  of  absorp- 
tion can  proceed  at  any  part  of  the  fh>nd.  The  simplest  differ- 
entiation of  organs  for  absorption  is  met  with  in  the  rhizoids  or 
complex  root-hairs  of  mosses,  and  in  the  filaments  of  fhngi  which 
bur}'  themselves  in  a  nutrient  substratum.  Above  the  mosses 
the  differentiation  of  organs  into  roots  for  absorption,  and  stems 
for  the  support  of  the  assimilative  tissue,  is  ver}'  plain.  For  our 
present  purpose  it  is  best  to  begin  an  examination  of  the  absorp- 
tion of  liquids  b}*^  plants  with  a  study  of  the  structure  and  the 
office  of  the  root. 

618.  It  has  been  shown  in  Part  L  that  the  3'ounger  parts  of 
the  root  are  clothed  with  extremely  delicate  epidermal  cells, 
which,  with  the  slender  triehomes  associated  with  them,  con- 
stitute the  absorbing  apparatus  of  the  plant.  (These  epider- 
mal cells  of  the  root,  taken  collectively,  have  been  called  the 
Epibleraa.^) 

619.  The  root-tip  with  its  protective  cap  does  not  share  to 
any  great  extent,  if  indeed  at  all,  in  the  work  of  absorption ; 
and  yet  to  the  soft,  spongy,  rounded  mass  of  tissue  forming  the 
root-tip  was  formerly  given  the  name  of  spongiole,  on  account 
of  its  spongy  nature,  and  its  supposed  office  of  sucking  up  nu- 
trient matters  from  the  soil.' 


1  This  term,  early  introduced,  was  retained  by  Schleiden :  Principles  of 
Scientific  Botany,  1849,  pp.  68,  218. 

«  Thus  De  Candolle,  in  his  Physiologie  V^g^tale,  1832,  p.  41,  says:  'JLa 
snccion  des  racines  s'ex^cute  par  des  points  sp^ciaux  qu'on  nomrae  spongioles, 
qoi  sont  composes  d'un  tissn  cellulaire  tr^-fin  et  toujours  nouvean,  puisque  les 
racines  s'alongent  sans  cesse  par  lear  eztr^mit^.  Le  liquide  de  la  terre  tend 
k  entrer  dans  les  m^ts  de  ce  tissn :  I.  par  la  force  de  capillarity ;  II.  par 
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620.  Boot-hairs.  It  was  shown  cspe  rim  entail j  by  Olilort '  in 
1837,  that  the  tip  of  the  root  is  not  tlie  absorbing  part.  By 
careAil  excision  of  the  tip,  and  the  use  of  a  harmless  water- 
proof ramish  to  cover  the  wound  cauaed,  he  obtained  full  absorp- 
tion of  liquids  through  the  sides,  and  not  Die  end  of  a  young 
root.  He  further  demonstrated  the  verj'  general  occurrence  of 
delicate  hairs  upon  the  sides  of  young  roots,  and  expressed  the 
opinion  that  these  were  the  efficient  agents  in  root  absorption. 

621.  That  the  abundance  of  the  hairs  on  new  roots  is  depend- 
ent largely  on  the  amount  of  moisture  to  which  they  are  ex- 
posed, appears  from  experiments  on  the  roota  of  some  of  the 
more  common  cultivated  plants,  —  Allium  Cepa,  Cucurbita  Pepo, 
Zea  Mais,  etc.  In  all  these  cases  the  plant  can  almost  be  said 
to  n^ulate  the  amount  of  its  absorbing  surface  by  ttie  amount 
of  moisture  within  its  reach,  and  it  is  thought  by  some  that  all 
tlie  epidermal  cells  of  a  young  and  developing  root  have  the 
power  of  exteading  into  hairs.  The  number  of  hairs  to  Ilia 
square  millimeter  on  a  root  of  Zea  Mais  grown  iu  a  moist  place 
was  found  by  Scliwarz  to  be  i'25  ;  and  on  a  root  of  Pisura 
sativum,  232. 

622.  Root-hairs  are,  as  has  been  shown  in  Part  T.,  cylindrical 
protuberances  fmm  the  external  wall  of  the  epidermal  cells. 
They  vary  in  length  from  .1  mm,  to  8  mm.  The  former  length 
occurs  ID  a  few  grasses,  the  latter  in  some  water  plants.  Sehwarz 
gives  the  following  measurements  of  length :  root-Uairs  of  Pota- 
mogetoD,  6  mm.  ;  of  Anacharis,  4  mm.;  of  Brassica  Nopus  in 
moist  air,  3  mm. ;  of  Fisum  sativum  and  Avena  sativa,  2.u  mm. ; 
of  Vicia  Faba,  8  mm. 

623.  When  root-hairs  are  developed  in  contact  with  soil,  they 
become  much  distorted  (see  Fig.  89),  and  generally  dwarfed; 
they  curve  more  or  less  irregularly  around  the  particles  of  soil, 
and  frequently  are  enlarged  at  the  immediate  place  of  contact. 
Moreover,  the  character  of  the  cell-wall  is  somewhat  changed  at 
the  place  of  contact  with  the  particles ;  in  many  instances  tlie 
wall  undergoes  a  sort  of  mucilaginous  modification,  and  becomes 
so  firmly  united  to  tlie  particles  that  these  caunot  be  removed 


rbygiDKojijcit^.  Cei  deui  propript^s  ile  tisau  peiivent  bi<m  expliijurr  r^normfl 
qoHiiUt^  d'«BU  qni  p4nHre  dans  la  plants  vivsatf,  Iob  vnriatioiis  de  ratte  quBii- 
titi  selon  Ics  up^n,  )es  lainona,  etc.  H  souffle  d'admettre  que  Ira  celllllra  dtt 
ipongiolra  douses  de  coDtnctions  iltemitivea,  augmentent  et  diminumt  ahnr- 
nativement  les  miita  inlereellulairas,  et  tenrlent  linsi  k  obaorber  de  I'mu  en 
quKotitJ  proportioDD^e  &  U  force  et& la  rapidiU  de  lenis  coatnctioiu  vitalei." 
'  Linn  sea,  1837. 
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without  laceration  of  the  delicate  cells.  Notwithstanding  the 
extreme  tenuity  of  the  cell-wall,  it  is  thought  b}'  some  to  play  an 
important  mechanical  part  in  fastening  the  roots  in  the  soil.^ 

624.  That  the  hairs  upon  the  root  vastly  increase  its  absorb- 
ing surface  is  self-evident.  Schwarz  has  shown  that  in  Indian 
corn  grown  in  moist  air  the  surface  presented  b}'  the  velvety 
hairs  which  cover  the  3'oung  roots  is  5.5  times  greater  than  that 
of  the  part  of  the  root  on  which  the  haira  occur ;  while  the  ratio 
of  these  surfaces  in  the  roots  of  peas  is  as  12.4  to  1 ;  and  in  the 
aerial  roots  of  Scindapsus  pinnatus,  as  18.7  to  1.  But  all  these 
figures,  which  are  at  best  onlj'  approximate,  appear  to  be  very  low. 

625.  Extent  of  Boot-systems.  In  extending,  the  root,  by 
growth  at  its  protected  extremity,  can  insinuate  itself  between 
particles  of  soil  which  could  not  be  easily  displaced  by  simple 
thrust.  The  branches  from  the  main  root  extend  exactly  as  does 
the  main  root  itself,  —  by  continual  additions  Just  behind  the 
tip,  —  and  the  area  covered  by  a  root-system  finally  becomes 
very  large.  One  of  the  earliest  recorded  measurements  is  that  by 
Hales,^  who  estimated  that  the  roots  of  a  sunflower  (3^  ft.  high), 
taken  together,  were  no  less  than  1,448  feet  in  length.  The  plant 
had  ^^  eight  main  roots  reaching  fifteen  inches  deep,  and  side- 
ways from  the  stem ;  it  had,  besides,  a  very  thick  bush  of  lateral 
roots,  which  extended  every  way  in  a  hemisphere  about  nine 
inches  from  the  stem  and  main  roots." 

626.  Nobbe  has  shown  that  in  year-old  plants  of  certain 
closelj'  allied  gj'mnosperms  the  root-s^'stcms  differ  remarkablj^ 
in  the  number  of  the  rootlets  and  the  total  length  of  the 
roots.'  In  three  species  the  determinations  of  the  total  length 
were  as  follows  :  — 


1  Haberlandt:  Physiol ogische  Pflanzenanatomie,  1884,  p.  152. 

2  Hales  gives  as  the  entire  surface  of  these  roots  2,286  square  inches,  or 
16.8  square  feet  (Vegetable  Statics,  1731,  p.  6). 

8  The  plants  examined  were  grown  from  May  to  October.  Two  of  Nobbe's 
tables  (Die  landwirthschaftlichen  Versuchs-Stationen,  xviiL,  1875,  p.  279)  are 
here  given  :  — 

a.   Number  of  Rootlets. 


Norway  Spruce. 

SUver  Fh:. 

Scotch  Pine. 

Boots  ofthe  Ist  order. 

u         u       3,1       u 
t«        <«       4th     " 
«•       "      5t,h     " 

1 

85 

162 

6 

0 

1 

48 

85 

0 

0 

1 

404 

l,9r.6 

749 

26 
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SilTCT  Fir  .  . 
Norway  Spruce 
Scotch  PiuB .     . 


J  based  V 


[t  the  plants  upon  wUich  these  averages 
muler  the  same  conditious. 

627.  When  any  plant 
is  lirted  from  the  soil  in 
which  it  has  grown,  even 
with  great  care,  many 
of  il3  more  delicate  root- 
lets are  torn  off  and  Icll 
behind.  llenec  it  is 
dilHciilt  to  ascertain  the 
total  amount  of  roots 
belonging  to  a  plant. 
Even  the  best  plan  yet 
devised  for  cleaning  the 
root  previous  to  measur- 
ing it  —  that  of  allow- 
ing a  stream  of  water  to 
wash  away  all  the  earth 
whidi  it  will  detach  — 
usually  causes  a  few  of 
the  liner  rootlets  to  be 
carried  off.  It  has  lioen 
shown,  however,  that  the 
roots  of  peas,  beans,  and 
the  common  cereals  are 
abundantly  branched  to 
a  depth  of  more  than  a 
meter,  and  that  many  of 

them  penetrate  considerably  further.     Schuhart  states 
amount,  by  weight,  of  roots  in  peas  and  wheat,  compared 


that  the 
with  that 


1                                                 6.     LeSOTU    is   MlI,t.lMETBlia. 

" 

Mormr  Spraie 

SIlTBrFlt. 

Scotch  Pine. 

BooUoTtbamor.lin'. 

1,113 

300 

B,4ei 

i 
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of  the  whole  plant  (all  being  dried),  is  less  than  fifty  per  cent.^ 
By  comparison  of  the  weights  and  lengths  of  average  pieces  of 
the  roots  of  bariey,  it  has  been  found  that  the  whole  root-system 
in  a  vigorous  plant  is  not  far  from  thirty-seven  meters  in  length ; 
and  that  all  this  could  be  packed  in  a  small  volume  of  fine  soil 
(about  ^  of  a  cubic  foot).* 

628.  The  nature  of  the  soil,  and  especially  the  amount  of 
moisture  and  of  nutritive  matters  which  it  contains,  have  a 
marked  influence  upon  the  development  of  the  root-system  of 
a  plant  Other  things  being  equal,  fei*tility  of  the  soil  favors 
compact  branching,  as  is  shown  b}'  experiments  by  Nobbe.* 

Indian  corn  was  grown  for  a  time  in  several  c^'linders  con- 
taining clay  soil ;  then  the  earth  was  carefhlly  washed  away  and 
the  roots  were  compared.     In  the  first  cylinder  the  soil  had 

1  Amounts  as  giyen  in  Chemische  Ackersxnann,  L  p.  198. 

Boots  of  winter  wheat  (in  April) 40  per  cent. 

'*     peas  (four  weeks  after  planting)   ...     44       ** 
••       "     (at  flowering) 24       " 


'  Hellriegel :  Hoffmann's  Jahresbericht,  1864. 

Nobbe  ( VersQchs-Stationen,  1875,  p.  279)  has  given  some  instmctiTe  figares^ 
showing  the  ratio  of  the  surface  above  ground  to  that  below  in  yearling  plants 
of  some  common  species  of  Conifers  grown  under  similar  conditions.  Some  of 
his  figures  are  here  given. 

a.  Surface  of  Rootlets. 

Square  millimeten. 

Silver  Fir 2,452. 

Norway  Spruce 4,139. 

Scotch  Pine 20,515. 

b.  Surface  of  the  Green  Parts  of  the  Plants. 

Square  mlUimeterib 

Silver  Fir 1,451. 

Norway  Spruce 1,551. 

Scotch  Pine 4,304. 

c.   Ratio  of  Parts  in  the  Plants  examined. 

Silver  Fir.  Norway  Spruce.       Scotch  Pine. 

Parts  above  ground     ...     100  :  107  :  297 

Parts  below  ground     ...     100  :  168  :  887 

rf.  Ratio  of  the  Parts  above  ground  to  those  beix)W. 

Silver  Fir 100  :  169 

Norway  Spruce 100  :  267 

Scotch  Pine 100  :  477 

•  Versuchs-Stationen,  iv.,  1862,  pp.  220,  221. 
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been  uuirormly  mixed  with  a  fertilizing  eubstunce,  and  in  this 
Boil  the  roots  had  developed  in  a  normal  manner.  In  the  sec- 
ond cylinder  a  lajer  of  llie  fertilizing  material  had  been  placed 
tbrpo  to  four  centimeters  below  the  surfoiie,  and  in  the  soil  at 
this  plane  the  roots  liod  branched  very  nbunduntlj'.  In  the 
thinl  cylinder  a  similar  layer  of  tho  fertilizing  matter  had  been 
placed  half-way  down  tlie  cylinder,  and  here  the  root-hranchea 
were  far  more  nnmcrous  than  elsewhere.  In  other  cases  the 
fertilizing  sabstance  had  been  placed  at  the  liottom,  around  the 
sides,  or  in  the  middle  of  the  cylin<ler,  and  in  these  places  respec- 
tively the  root-branches  were  most  abundant.  Substantially  the 
same  thing  is  observed  iu  earth  where  the  roots  of  plants  meet 
with  buried  bones :  the  finer  root^branchcs  arc  developed  around 
and  afterwards  in  the  substance  of  the  decoiii|>osing  animal 
matter,  often  forming  dense  mats.' 

G20.  In  some  cases  roots  extend  to  very  great  distances; 
Uins  those  of  an  elm  have  been  known  to  till  up  drains  fifty 
yards  distant  from  the  tree.'  It  may  be  said,  in  genei-al,  that 
the  roots  of  the  common  forest  and  shade  trees  reach  to  and  be- 
yond the  caves  of  the  roof  made  by  the  \cafy  branches.  "There 
is  a  constant  itlation  between  the  horizontal  extension  of  the 
bmocLes  and  the  lateral  spreading  of  the  roots.  It  is  not  by 
watering  a  tree  close  to  the  trunk  tliat  it  will  be  kept  in  vigor, 
but  by  applying  the  water  on  the  soil  at  the  part  correspond- 
ing to  the  ends  of  the  branches.  The  rain  which  falls  on  a  tree 
drops  from  the  branches  on  that  part  of  the  soil  which  is  sitD- 
ated  immediately  above  the  absorbing  fibrils  of  the  roots."  • 

630.  The  root-system  of  a  plant,  ever  extending  by  its  in- 
numerable subdivisions  into  new  soil,  and  clothed  near  the 
extremities  of  the  rootlets  with  delieatfi  epidermal  celb,  is  a 
complex  apparatus  for  osmosis  placed  under  tlie  most  favorable 
conditions  for  absorption. 

631.  The  course  of  the  water  after  it  lias  found  its  way  into 
a  plant  tlirough  the  epidermal  cells  of  the  newer  [lortions  of  the 
roots,  and  the  pressure  nbich  at  times  the  watery  liquids  in  roots 
exert,  can  be  more  conveniently  examined  at  a  later  stage  (see 
Chapter  IX.,  "  Transfer  of  Water  through  the  Plant  "). 


>  Sea  also  K  jukpcr  by  Dctmrr :  Vrranchs- Station  en,  1872,  p.  107. 

*  JonrDol  Royal  Agricultura.1  Society,  toL  i.  p.  364,  contoiiu  some  intcmt- 
iug  CBMS  oF  great  li^nglh  of  roots. 

•  Balfour :  Clus  Dook  of  Botany.  IS51,  p.  127. 


CHAPTER  VIII. 

SOILS,   ASH  CONSTITUENTS,  AND  WATER-CULTURE. 

632.  When  a  plant  is  carefully  dried  at  a  temperature  slightly 
exceeding  that  of  boiling  water  until  it  ceases  to  lose  weight, 
there  remains  behind  a  brittle  combustible  residue.  The  dif- 
ference between  the  weight  of  the  plant  and  that  of  the  resi- 
due represents  the  amount  of  water  previousl}'  contained  in 
the  plant.  This  differs  widel}',  according  to  the  kind  of  plant 
and  its  age.  The  following  table  gives  the  proportion  of  water 
contained  in  a  few  of  the  most  common  plants :  — 

Red  Clover,  before  flowering 88  per  cent. 

"        **      in  full  flower 78  " 

Oats,  before  flowering 82  " 

**     in  flower 77  " 

Turnip  (root) 91  " 

Beech  (leayes),  in  summer 75  *' 

"          "        in  autumn 65  " 

Dry  grains 14  to  15  " 

Dry  woods 15  ** 

633.  If  the  brittle  residue  left  after  complete  expulsion  of  the 
water  is  burned  in  the  open  air,  there  remains  behind  a  small 
amount  of  gra}-  ash ;  all  the  rest  is  wholly  consumed.  The 
amount  of  ash  also  varies  widel}^  according  to  the  kind  of  plant 
and  its  age.  In  the  following  table  *  are  given  the  proportions 
for  a  few  common  plants  :  — 

Per  cent  of  ash  in     Per  cent  of  ash  in 
fresh  material.  dry  material 

Red  Clover 1.5  5.6 

Sugar  IVet  (root) 8  4.8 

Indian  Com 1.1  5.5 

"     (grain) 2.1  1.5 

Beech  (leaves),  in  summer    ...         1.3  — 

**  "        in  autumn     ...        3.  — 

634.  In  a  general  way  it  may  be  said  that  the  combustible 
matters  are  derived  chiefly  from  the  atmosphere,  while  all  the 

^  The  student  is  referred,  for  detailed  accounts  of  analyses  from  which  these 
figures  have  been  chiefly  taken,  to  Johnson's  "How  Crops  Grow,"  1868. 
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water  and  the  incombustible  ash  come  from  the  soil.  In  the  case 
or  aquatics  tills  general  statement  would  not  appear  to  hold,  for 
they  obtain  all  their  substance  from  the  water  in  which  they  live  ; 
but,  oa  will  be  seen  later,  this  source  is  essentially  the  same. 
We  have  examined  iii  the  previous  chapter  one  of  tbe  means 
by  which  plants  obtain  their  supply  of  water  and  aah  materials, 
and  it  will  bo  'Ijest  to  consider  now  the  source  from  which  this 
supply  comes,  before  approaching  the  study  of  the  combustible 
substance  of  plants. 


SOILS. 


633.  Fonnation  of  soils.  Soils  are  produced  by  tbe  diainte- 
Ltion  of  rocks.  This  may  be  mechanical,  as  that  caused  by 
orashing,  attrition,  and  the  action  of  frost;  or  it  may  be  and 
g«norally  is  associated  with  more  or  less  chcmitial  change.  la 
soils,  some  of  the  products  of  the  decomposition  of  organic  sub- 
Btances  are  usually  intermingled  with  purely  mineral  matters 
aggregated  in  various  degrees  of  fineness.  Soils  exposed  to 
atmospheric  influences  constantly  change  both  in  their  physical 
properties  and  chemical  composition,  the  changes  being  brought 
about  chiefly  by  the  combined  action  of  moisture,  carbonic  acid, 
and  oxygen. 

636.  Water  not  only  wears  away  solid  rocks  bj-  its  mechanical 
action,  but  after  it  has  insinuateil  itself  into  the  crevices  of 
rocks  it  accomplishes  the  work  of  disintegration  far  more  rapidly 
by  its  expansion  during  fhiczing.^ 

When  rocks  become  loosened  by  nmning  water,  or  by  the 
slow  movement  of  glaciers,  the  crushing  and  grinding  of  the 
pieces  which  come  into  contact  are  sulllcient  to  pulverize 
the  hardest  of  the  more  common  ones. 

Wat«r,  especially  when  it  holds  carbonic  acid  in  solution,  ia 
a  very  imi>ortant  agent  in  changing  the  charactci-s  of  rocks; 
sometimes  it  does  this  by  dissolving  out  portions  of  the  rocks, 
sometimes  by  bringing  about  new  combinations  of  their  con- 
stituents. Moreover,  rain-wat«r  contains  a  minute  quantity  of 
other  matters  besides  carbonic  acid,  and  these  exert  a  powcrflil 
effect  in  disintegrating  and  dissolving  certain  rocks. 

637.  The  free  oxygen  of  the  atmosphere  is  also  an  efHcient 
agent  in  the  changes  by  which  rocks  arc  broken  down  to  form 
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soils.  Many  rocks  contain  ferrous  oxide,  which  readily  under- 
goes further  oxidation ;  certain  sulpliides  in  rocks  are  oxidizable 
under  the  ordinaiy  conditions  found  in  a  moist  atmosphere,  and 
in  such  cases  the  chemical  action  results  in  rendering  the  rocks 
brittle. 

638.  Water  can  easily  transport  the  finer  particles  of  soil 
from  where  they  were  formed  by  disintegration  of  the  rocks  to 
points  at  distances  from  their  source,  varying  with  their  weight. 
For  this  reason  the  particles  accumulate  in  different  degrees 
of  fineness  at  different  points  along  water-courses. 

639.  It  is  believed  that  during  the  Glacial  period,  when  large 
portions  of  the  noithern  hemisphere  were  covered  deepl}'  with 
sheets  of  moving  ice,  immense  amounts  of  coarse  and  fine 
soils  were  carried  far  from  the  places  where  they  were  formed, 
and  were  heaped  up  more  or  less  irregularly  in  the  masses  which 
now  form  gravelly  hills  and  ridges.  The  glacial  action  now 
going  on  in  the  Alps  shows  how  vast  must  have  been  the  soil- 
making  and  soil-carrying  power  of  the  glaciers  which  onoe  cov- 
ered so  much  of  our  continent. 

640.  Soils  which  have  not  been  carried  by  water  or  ice  from 
the  place  where  they  were  formed  by  some  of  the  agencies  men- 
tioned above  are  not  generally  of  great  depth,  and  their  nature 
can  usually  be  made  out  by  examination  of  the  contiguous 
rocks. 

641.  Classification  of  soils.  For  our.  present  purpose  soils 
may  be  classified  as  gravelly,  sandy,  cla3*ey,  calcareous,  loamy, 
and  peaty.  Gravelly  soils  differ  widely  in  their  chemical  char- 
acter, since  the  pebbles  which  compose  them  may  be  either  chiefly 
quartz  and  fragments  of  rocks  in  which  quartz  predominates,  or 
there  may  be  also  a  good  proportion  of  limestone,  or  of  feld- 
spathic  rocks.  With  the  coarse  pebbles  is  intermingled  a 
certain  proportion  of  finer  soil.  Sandy  soils  are  usually  made 
up  of  fine  quartz  with  which  some  other  matters  are  asso- 
ciated, such  as  some  compound  of  iron,  grains  of  feldspathic 
minerals,  micaceous  particles,  etc.  In  a  few  cases,  however, 
the  sandy  soils  differ  widely  from  this  composition ;  for  in- 
stance, the  green  sand  of  New  Jersey  contains  a  large  proportion 
(more  than  fifty  per  cent)  of  green  grains  of  a  silicate  of  iron  and 
ix>tassium.  Clayey  soils  are  generally  derived  from  the  dis- 
integration of  various  feldspathic  rocks,  and  are  mixtures  of 
hj'drated  aluminic  silicate  with  manj*  other  matters.  Such  soils 
are  generally  adhesive,  are  retentive  of  water,  and  dry  into 
a  hard  mass ;    these  characters  which  belong  to  true  clay  are 
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found  also  in  some  soils  which  arc  not  clays,  and  hence  the 
k-rm  dayey  Is  sometimes  loosely  applied.  Calcareous  or  lime 
soils  contain  calcic  carbonate  in  large  amount.  To  calcareous 
clai',  when  the  ingredients  are  in  a  state  of  rather  fine  subdi- 
vision, the  name  marl  is  frequently  applied.  Peaty  or  humus 
soils  are  those  which  contain  a  considerable  proportion  of  par- 
tially decayed  vegetable  matter  ;  when  such  matter  decays  under 
water  it  becomes  peat,  or  muck ;  when  it  decays  witliout  much 
water  it  is  generally  known  as  mould. 

G42.  By  mechanical  analysis,  as  by  simple  washing  and  silt- 
ing, it  is  possible  to  separate  a  soil  into  its  mechanical  ingre- 
dicDU,  which  are  :  (1)  Gravel;  (2)  coarse  sand  ;  (3)  fine  sand; 
(.4)  clayey  sand  ;  (5)  clayey  substance,  or  fine  claj'. 

The  mechanical  subdivision  of  soils  has  an  important  bearing 
upon  tbeir  physical  properties  and  upon  their  adaptability  to 
the  growth  of  roots  and  the  sustenance  of  plants.' 

Krom  interesting  studies  by  Darwin,'  it  is  plain  tliat  in  some 
localities  earth-worms  have  exerted,  by  their  burrowing  and 
tunnelling,  a  vast  influence  in  changing  the  physical  character 
of  the  soils  in  which  they  thrive. 

G43,  Physical  properties  of  soils.  Of  these,  the  most  important 
to  be  consideix-d  here  are  those  which  alTect  the  relations  of  soils 
to  iiquiils,  to  gases,  and  to  heat ;  for  all  of  these  directly  affect 
the  growth  and  indirectly  the  nutrition  of  plants. 

G44.  Absorption  and  retention  of  molHtnre  b;  soils.  It  ia  con- 
venient to  examine  the  relations  of  soils  both  to  liquid  water 
and  to  aqueous  vapor.  Soils  can  absorb  from  the  atmosphere 
and  condense  upon  the  surface  of  their  particles,  or  in  their  inter- 
slices,  a  certain  amount  of  the  vapor  of  water.  This  property 
of  absorpljon,  known  as  that  of  fajKroscoplcltrt  is  different  in 
dilfereiit  soils,  as  shown  by  the  following  table  from  Schiibeler.* 

Five  hundred  centigrams  of  each  soil  eareftilly  dried  were 
spread  over  a  surface  of  thirty-six  thousand  square  millimeters, 
and  exposed  for  varying  periods  to  an  atmosphere  saturated 
with  watery  vapor ;  the  amounta  of  waters  absorbed  (in  centi- 
grams) were  as  follows  ;  — 

'  The  rauler  should  einminB  a  pnper  hj  J.  D.  Wtitnsy  (Plnin,  Prairie,  bqiI 
Fomt),  in  whiub  U  duciuscd  the  probable  inflitancK  of  the  extrfmi  fineness  of 
prairie  soils  upon  the  abience  of  forests.  Sro  Aiiieri»a  Kntunlist,  October 
uid  KoVf-uilwr.  1S73. 

*  Darwin  :  The  Fonnation   of  Vegetable  Monld  throagh  the  Action  of 

*  Knap's  Lehrbaoh  der  Agricaltur-Chemic^  1803,  vol.  .i.  pp.  13,  14. 
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12hoan. 

24hoank 

48  hours. 

72  hours. 

Quartz  sand  .     . 

0.0 

0.0 

0.0 

0.0 

Calcareous  saud 

1.0 

1.6 

1.6 

1.6 

Clayey  soils  .     . 

10.5  to  15. 

13  to  18. 

14  to  20. 

14  to  20.6 

Clay    .... 

18.5 

21.0 

24.0 

24.6 

Garden  earth     . 

17.6 

22.6 

26.0 

26.0 

Humus    .     .     . 

40.0 

48.6 

66.0 

60.0 

From  these  figures  it  appears  (1)  that  the  greater  part  of  the 
vapor  is  condensed  before  the  expiration  of  a  single  day,  (2)  that 
humus  is  b}'  far  the  most  h3'gro8copic,  but  (3)  that  clay  can  ab- 
sorb a  large  quantity  of  vapor. 

Temperature  exerts  a  marked  influence  upon  the  capacity  of 
soils  to  absorb  aqueous  vapor,  as  is  shown  by  Knop's  exami- 
nation ^  of  a  sandy  and  of  a  rich  earth ;  the  amount  of  vapor 
absorbed  diminishes  with  elevation  of  temperature. 

645.  The  amount  of  liquid  water  which  soils  can  absorb  and  re- 
tain is  very  different  for  different  kinds  of  earth.  In  the  follow- 
ing determinations  by  SchUbelcr  dry  soils  were  saturated  with 
water  upon  a  funnel,  and  the  increase  of  weight  was  noted  after 
all  the  excess  of  water  had  dripped  awa}*.  The  first  column  gives 
the  percentage  of  inci*ease  in  weight  of  soil ;  the  second,  the  num- 
ber of  volumes  of  water  that  one  hundred  volumes  of  soil  can  take 
up  ;  the  third,  the  percentage  of  this  water  which  evaporates  from 
the  soil  in  four  hours  when  it  is  spread  over  a  given  surface.* 


. 

1. 

2. 

3. 

Ouartz  sand      .     .     .     r 

25 
29 
40 
50 
61 
70 
190 

37.9 
44.1 
51.4 
57.3 
62.9 
66.2 
69.2 

88.4 
75.9 
52 

34.9 
31.9 
25.5 

Calcareous  sand     .     . 
Clay  soil  (60%  clay) 
Clay  soil  (76%  clay) 
Heavy  clay  (89  %  clay) 
Pure  clav     .... 

Humus ' 

G4G.  The  degree  of  fineness  exerts  also  some  infiuence  upon 
the  absorptive   power;   but  while  pulverization  increases  that 

1  Vcrsuchs-Stationen,  vi.,  1864,  p.  281,  where  are  found  also  some  interesting 
results  reconled  by  Knop,  in  regard  to  the  absorption  of  aqueous  vapor  by 
various  organic  substances. 

2  Knop's  Lehrbuch,  1868,  vol.  ii.  p.  26.  The  third  column  is  cited  from 
Johnson's  **How  Crops  Feed,"  1870,  p.  180. 

'  Samples  of  peat  have  been  known  to  absorb  from  300  to  more  than  600 
per  cent  of  water. 
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>owcr  in  some  kinds  of  soil  it  diminishes  it  in  others.     Thus        ^^H 
tenger  has  shown  that  fine  quartz  sand  absorbs  about  twice  as         ^^M 
much  water  as  that  which  is  coarse;  on  the  other  hand,  fine        ^^H 
irick-clnj'  is  not  so  absorbent  as  coarse.                                            ^^M 
G-17.    AdmLtture  of  heterogeneous  matters  with  soil  genei-ally         ^^M 
owers  the  absorptive  and  retentive  power  both  of  the  soil  and  of        ^^H 
the  added  substances.     Treutler  esamincd  crtain  soil  mixtures         ^^H 
n  tlie  following  manner :  0fty  grams  of  the  soil  were  placed  iu        ^^M 
one  hundred  cubic  centimeters  of  water  for  twenty-four  hours,        ^^H 
he  excess  of  water  was  allowed  to  drip  away,  and  the  amount          ^^M 
hen  retained  noted.     The  following  are  among  his  results :  —            ^^M 

Sotta. 

1 

UUIDTM. 

1 

Fine  earth 

OuirticUn* 
Bone-dust 

SI.  2 
U. 
SI. 

ie. 

40  gnn.  flue  earth  and  10  gnu.  cauitic  lime 
to  gnu,  quartz  Band  and  10  gnn.  caustic  lime 
40  gnu.  qiinrti  aaad  aud  10  grm.  bone-diiat 
30  gnn.  ijiinrtx  sand  aiid  30  grm.  bone-diiKt 

il. 

ig. 

16.5 

g. 

From  Treutler'a  taViIee  it  appears  that  the  absorptive  an( 
retentive  capndty  of  a  mixture  of  two  substances  ma</  equa 
that  of  the  constituents,  but  that  generallj-  it  becomes  lower, 

648.  A  Boil  may  be  so  fine  and  compact  that  rain  will  no 
readily  penetrate  it ;  or  on  the  other  hand  it  may  be  so  porous 
OB  to  allow  tlio  water  which  falls  on  it  to  pass  rapidly  down 
through  it.  A  soil  of  proper  textare  will  receive  the  rains,  and 
aa  has  been  shown  by  the  foregoing  paragraphs,  retain  a  certain 
amount  in  its  pores,  the  excess  draining  away. 

G49.  Evaporation  of  water  goes  on  continually  from  the  sur- 
face of  moist  soil,  unless  tiie  atmosphere  is  saturated,  and  tlie 
amount  of  evaporation  depends  largely  upon  the  amount  o 
moisture  present  in  the  stat«  of  vapor  in  the  atmosphere  at  anj 
given  time.  But  the  retentive  power  spoken  of  above  (which 
ia  plainly  opposed  to  evaporation)  is  very  different  in  differen 
soils ;  for  this  reason  about  three  times  as  mnch  water  evaporates 
from  quartz  sand  as  from  the  same  amount  of  humus  equally 
exposed  for  a  given  time.  Wheu  by  evaporation  the  soil  be- 
comes dry  at  the  surface,  a  draft  is  mode  upon  the  supply  o 
water  retained  in  it  at  a  greater  depth,  and  this  water  then  rises 
by  capillarity  to  the  drier  layers.  It  is  therefore  said  that  there 
fs  a  constant  movement  of  water  in  the  soil. 

J 
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650.  A  distinction  may  be  properly  made  between  (1)  that 
water  which  remains  as  a  copious  supply  beneath  the  surface  of 
the  ground,  existing  there  plainly  as  a  liquid,  (2)  that  which  ad- 
heres to  the  particles  of  soil  imparting  to  them  a  moist  appear- 
ance, (3)  that  which  adheres  to  the  particles  of  an  air-dry  soil 
and  which  does  not  affect  at  all  the  appearance  of  the  particles. 
The  first  has  been  called  hydrostatic^  the  second,  capillary^  the 
third,  hygroscopic  water.  It  is  from  the  two  latter  that  the 
roots  of  plants  other  than  aquatics  usually  obtain  their  supply 
of  moisture.^ 

651.  The  relations  which  evaporation  and  drainage  bear  to 
the  total  rain-fall  upon  the  soil  have  been  examined  during  a 
series  of  nineteen  years  at  Rothamsted,  in  England.  The  fol- 
lowing figures  are  based  on  the  results  during  ten  years  (Sep- 
tember, 1870,  to  August,  1880). 

Rain.fall 30.68  mches. 

Drainage  from  soil 

at  20  inches  depth 13.21  " 

at40     "         «* 18.94  «« 

at60     "        " 12.17  " 

Amount  of  water  retained  by  soil,  or  eyaporated 

at  20  inches  depth 17.47  " 

at40     "        " 16.74  " 

at60     "        " 18.51  *• 

Percentage  of  rain-fall  lost  by  drainage 

at  20  inches  depth 43.1        ** 

at40     "         ** 45.4        «* 

at60     **         ** 89.7 

Percentage  of  rain-fall  retained  by  soil,  or  lost  by  evaporation 

at  20  inches  depth 56.9        ** 

at40     **         ** 54.6 

at60     "         " 60.3 

652.  Soils  are  not  onlj'  acted  upon  hy  the  solvent  power  of 
water,  as  shown  in  636,  but  manj*  soils  possess  the  remarkable 
property  of  removing  saline  matters  from  aqueous  solutions. 

The  interesting  fact  that  impure  water  can  be  freed  from  some 
of  its  foreign  matter  by  being  filtered  through  earth  has  long 
been  known,  but  its  significance  in  the  nutrition  of  plants  does 
not  appear  to  have  received  attention  until  1819.     Gazzeri'at 

1  For  a  full  discussion  of  this  subject,  which  is  most  important  in  its  bear- 
ings upon  the  cultivation  of  plants,  the  student  should  study  Johnson's  '*How 
Crops  Feed,"  p.  199. 

*  Fi-om  a  note  by  Orth :  Versuchs-Stationen,  xvi.,  1873,  p.  67.  The  discovery 
is  generally  ascribed  to  Bronner,  1836.  The  fullest  treatment  was  by  Way: 
Joumal  Royal  Agricultural  Society,  1850,  and  later. 
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^flRdate  says:  "Earth,  especially  clay,  seizes  upon  tlie  soU 
Qblc  luutUra  intrusted  to  it,  and  holds  tlicm  back,  in  order 
that  it  may  gradually  furnish  tfaem  to  plants  according  to  tlicir 
needs." 

653.  When  dilute  solutions  of  a  salt  are  slowly  filtered  through 
sand  which  contains  a  good  admixture  of  clay,  the  water  imsaes 
out  for  a  time  without  more  than  a  trace  of  the  salt,  and  in 
some  cases  all  the  salt  is  retained  by  the  soil.  Even  sewage 
liquids  can  by  this  method  be  freed  from  their  offensive  ingre- 
dients. This  phenomenon  of  filtration  is  due  to  adhesion  (that 
is.  the  attraction  which  the  surface  of  one  kind  of  matter  has 
for  another  kind  of  matter).  The  substances  which  are  reraovcil 
hi*  the  particles  of  soil  are  so  fastened  to  them  that  even 
when  the  soil  is  washed  in  pure  water  only  traces  of  them  arc 
removed. 

654.  Chemical  absorption  by  soils.  Besides  this  physical  ad- 
hesion, there  arc  exhibitt'd  by  many  soils  certain  chemical  phe- 
nomena also,  which  have  been  collectively  termed  chemical 
absorption.  If  a  solution  of  potassic  nitrate  is  filtered  through 
a  well- pulverized  clay  soil  containing  an  admixture  of  insoluble 
compounds  of  magnesium  and  calcium,  such  as  are  met  with  in 
almost  any  ordinary  soil,  the  water  which  drains  off  will  con- 
tain very  little  if  indeed  any  potassium;  but  it  will  have,  in- 
stead, mi^ncsium  and  calcic  nitrate  in  appreciable  amount.  But 
this  absorptive  power  of  a  soil  is  soon  satisfied ;  for  afler 
a  certain  amount  of  potassium  has  been  removed  no  more  is 
taken  up. 

The  strength  of  the  saline  solution  affects  the  amount  of 
absorption,  more  of  the  base  being  absorbed  from  strong  solu- 
tions. Different  substances- are  absorbed  by  the  soil  in  different 
amounts;  thus  in  the  experiments  by  Peters  the  bases  were 
absorbed  in  the  following  order:  (1)  Potassa,  (2)  Ammonia, 
(3)  Soda,  (4)  Magnesia,  ^5)  Lime.  Different  soils  absorb  the 
same  substance  in  different  amounts,  depending  u|)on  the  physi- 
cal condition  of  the  soil,  but  chiefly,  it  is  believed,  upon  the 
mode  in  which  the  substance  is  combined ;  thus,  more  potassa  is 
absorbed  from  the  phosphate  than  from  the  carbonate,  and  more 
from  the  latter  than  fram  tifo  sulphate. 

In  general  it  may  be  said  that  the  salts  of  the  alkalies  and 
the  alkaline  earths  are  so  absorbed  by  rich  soils  that  the  bases 
are  retained  in  new  combinations,  while  the  acids  pass  off, 
having  also,  of  course,  formed  new  combinations.  The  phos- 
phates and  silicates  are  retained  undecomposed.    The  case  of 
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the  latter  eompoands  may  be  regarded  as  the  ordinary  physi- 
cal absorption,  that  of  the  former  as  the  so-called  chemical 
absorption. 

655.  The  matters  absorbed  bj*  the  soil  may  be  released  after 
a  time  and  pass  into  solution  again,  or  the}'  may  l>e  displaced 
from  the  soil-particles  by  the  filtration  of  new  solutions.  When 
it  is  remembered  that  rain-water  exerts  a  powerful  solvent  action 
upon  some  portions  of  the  soil,  and  that,  on  the  other  hand, 
the  soil  can  remove  from  aqueous  solutions  some  of  the  matters 
therein  dissolved,  the  complicated  nature  of  the  problem  which 
presents  itself  is  at  once  apparent.  Examination  of  the  waters 
which  drain  through  soil,  and  which  may  fairly  represent  the 
resultant  of  the  solvent  action  of  the  water  and  the  absorptive 
power  of  the  soil,  shows  that  from  thirteen  to  fifty  parts  of  solid 
matters  may  remain  dissolved  in  100,000  parts  of  water.  (The 
question  of  nitrogen  compounds  in  drainage-water  will  be  ex- 
amined in  a  subsequent  chapter.) 

656.  Condensation  of  gases  by  soib.  Soils  have  the  power  of 
condensing  in  their  pores  certain  amounts  of  different  gases. 
These  condensed  gases  are  released  when  tlie  soils  are  subjected 
to  a  high  temperature,  say  140°  C,  and  their  amounts  can  then 
be  measured.  The  figures  below  give  the  results  of  the  meas- 
urements in  several  instances,  100  grams  of  soil  being  taken 
in  each  case. 

Soil.  Cable  centimeters  of  gu  yielded. 

Peat 162 

Clay 80 

Moist  garden  soil 14 

It  is  found  that  in  the  soil  there  is  present  a  smaller  amount 
of  oxygen  and  a  lai'ger  amount  of  nitrogen  than  in  the  atmos- 
phere. The  percentage  of  carbonic  acid  in  the  soil  is  also  some- 
what larger  than  that  in  the  atmosphere;  especiallj'  in  soils 
which  contain  much  organic  matter. 

G57.  Root-absorption  of  saline  matters  from  soils.  Having  seen 
that  the  soil,  the  principal  medium  in  which  roots  extend,  pos- 
sesses the  power  of  absorbing  and  retaining  water,  saline  mat- 
ters, and  gases,  attention  must  next  be  directed  to  the  conditions 
under  which  the  root-hairs  can  abstract  from  it  the  matters 
requisite  for  the  plant.  These  conditions  are  (1)  presence  of  free 
oxygen,  (2)  a  certain  temperature,  (3)  the  presence  of  saline 
matters  in  an  available  form  in  the  soil. 

658.  Free  oxygen  is  necessary  to  ail  protoplasmic  activity, 
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and  the  plant  will  speedily  show  wlien  the  amount  required  for 
die  absorptive  activity  of  its  roots  la  not  fiiiuished.  Different 
plants,  however,  require  diffcrcot  amounts :  thus  aquatics  and 
marsh-plants  do  not  need  so  much  oxygen  for  their  roots  as 
do  plants  which  ordinarilj-  grow  in  a  porous  soil.  Partial  ex- 
clusion of  osygen  from  the  roots  of  the  latter  by  keeping  the 
euil  saturated  with  water  usually  injures  the  plants  in  a  short 

It  has  been  shown  by  Sachs  and  others  tliat  seedlings  of  many 
plants  normally  growing  in  dryish  soil  will  develop  if  treated  as 
aquatics ;  better  results  are  obtained,  however,  if  air  is  occasion- 
ally passed  through  the  water. 

659.  The  temperature  needed  for  the  absorptive  activity  of 
roota  varies  with  different  plants.  It  may  be  said,  however, 
that  for  any  given  plant  the  absorptive  power  increases  with 
increase  of  temperature. 

6G0,  Different  soils  have  very  different  relations  to  temper- 
ature. Leaving  out  of  account  the  small  amount  of  warmth 
derived  from  the  chemical  changes  going  on  in  the  soil  by  which 
heat  ia  evolved,  it  may  be  said  that  the  heat  of  the  soil  is  derived 
from  the  sim's  rays.  The  angle  at  which  these  rays  strike  the 
soil  must  have  a  great  influence  u|}ou  its  temperature.  Again, 
there  are  various  local  causes,  such  as  protecting  or  reflecting 
walls,  which  may  considerably  modify  the  temperature  in  any 
given  case.  The  soil  itself  exerts  a  marked  influence  upon  the 
amount  of  heat  which  it  can  receive  and  retain.  Dark  soils  ab- 
sorb heat  most  readily :  but  it  has  been  shown  that  block  soils 
are  less  absorbent  of  beat-rays  than  are  those  which  are  dark 
gray.  The  radiating  power  of  a  soil  depends  upon  the  character 
of  its  surface,  being  much  greater  in  the  case  of  fine  mould  than 
in  that  of  coarse,  gravelly  soils. 

661.  It  must  be  noted,  however,  that  the  heat-rays  which  fell 
upon  a  given  soil  may  have  different  degrees  of  intensity.  Some 
bodies  (e.  g.  lampblack),  can  absorb  and  give  off  by  radiation 
heat  of  high  as  well  as  that  of  low  intensity ;  while  other  bodies 
(e.  g.  snow),  absorb  heat  of  low  intensity  only.  Heat  of  high 
intensity  is  converted  into  that  of  low  intensity  bj-  the  interpo- 
sition of  a  black  covering  of  any  kind  which  can  absorb  it  and 
give  it  ODt  below  as  heat  of  low  intensity. 

662,  At  the  depth  of  fifty  feet  the  temperature  of  the  soil  in 
the  temperate  zone  varies  within  the  limits  of  one  degree,  and 
at  a  depth  somewhat  below  this  it  is  constant.  The  stationary 
temperature  at  such  a  depth  is  the  same  as  that  of  the  mean 
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annual  temperature  of  the  atmosphere  in  temperate  regiona.' 
Moisture  exerts  a  very  great  effect  in  equalizing  the  capacities 
of  different  soils  for  absorbing  and  retaining  heat. 

G63.  That  the  saline  matters  in  the  soil  must  be  in  a  form  in 
which  the  plant  can  make  use  of  them,  appears  fh>m  what  has 
been  said  about  osmosis.  It  should  be  specially  noticed,  how- 
ever, that  younger  roots  may  exert  a  solvent  action  upon  soil- 
particles. 

Iloot-hairs,  as  Sachs'  has  shown,  evolve  small  amounts  of 
acid,  which  exert  a  distinct!}'  corrosive  effect  upon  certain  min- 
eral matters  with  which  the}'  come  in  contact.  Hence  there  is  a 
continual  unlocking  of  the  nutritive  mineral  materials  fastened  in 
the  soil ;  the  release  being  at  the  ver}*  points  where  the  root-hairs 
are  present  to  absorb  them. 

ASH  CONSTITUENTS  OF  PLANTS. 

6G4.  These  occur  in  all  parts  of  plants.  It  has  been  shown 
(p.  39)  how  frequentl}'  ceU-wails  are  impregnated  or  incrusted 
b}'  mineral  matters,  which  after  careful  calcination  may  be  left 
as  a  distinct  skeleton  of  the  tissues  of  which  the}'  formed  a  part 
But  the  mattera  within  cells,  both  the  protoplasmic  substance  and 
tlie  cell-sai),  also  contain  a  certain  amount  of  incombustible  ma- 
UM'iiil.  The  total  amount  of  ash  constituents  varies  greatly  in 
different  plants,  in  ditferent  parts  of  the  same  plant,  and  also 

*  Penhallow,  Soil  TiMiii>rnitiin*8  (Houghton  Farm  Experiment  Dc|)artiueut), 
1884.     See  also  Kiiop,  Aj^rioultur-Cheniio,  i.,  1868,  p.  469. 

2  Molileiiliawer  (Boytra^c),  in  1812,  oxprt'ssed  the  view  that  roots  probably 
Bot  free  certain  matters  which  can  unloose  nutritive  materials.  De  CandoUe 
(Pliysiologie,  1832)  dcscrilxMl  the  corrosive  action  of  lichens  on  underlying 
rocks  ;  and  Liebig,  in  1839»  studied  the  action  of  roots  on  the  color  of  litmos 
solutions. 

Sachs's  experiment  (1860)  is  well  adapted  to  class  demonstration.  A  pol- 
ished ])late  of  marble  is  coveriMi  with  moist  saw-dust,  and  in  this  a  few  seeds  are 
planted.  After  the  seedling  have  grown  for  a  time  the  saw-dust  ia  removed, 
when  the  marks  luft  ujwn  the  stone  by  tlie  corroding  rootlets  can  be  plainly 
seen.  If  the  corrotled  marble  is  rubljed  slightly  with  a  little  vermilion,  the 
traces  made  by  the  root-hairs  will  be  very  distinct.  In  the  early  publication 
of  Sachs,  the  secretion  by  which  the  corrosion  is  effected  was  said  to  be  car- 
bonic acid  ;  but  he  does  not  apix»ar  to  hold  this  view  now.  Whether  the  action 
is  due  to  acetic  acid,  as  Oudemann  and  Kauwenhoff  suggest,  or  to  different 
acids  varying  with  plants  or  times,  as  intimated  by  Pfeffer,  it  is  certainly 
highly  corrosive  in  some  cases.  In  an  exi)eriment  by  Schulz,  the  rootlets  of 
germinating  I^guminosse  and  Graminece  exhibited  a  faint  alkaline  reaction 
(Journal  fur  Praktische  Chcmie,  LxxxviL,  1862,  p.  135). 
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ID  man^'  cases  with  the  age  of  the  plant    Tho  foUoTving  table ' 
I         indicatea  the  per  cent  of  ash  in  a  few  inatancea :  — 

Turnip  (fresh) 7 

Sugar  bcFt  {(rvab) 8 

Potstiwa  (fWHh) 8 

Rod  duviT  (fn»h) 1.3 

t*JUd  ulovcr  (dry) 5.0 
Birch-wood  (dry) 2 
Apple-tree  wood  (diy) 1.1 
Wahiiit-wood  (dry) 2.6 
Bireh-hark 1,1 
Unlberry  leavos  (frrah) 1.1 
Horae-chvstnut  leaven  (spring) 2.1 
Hone-chestnut  leaves  (autumti) 3.0 
Ap[ilei  (fresh) 3 
Pcara  (freah) t 
Flax-seed 3.3 
Clover-teed 3.6 
HfiDp-Beed 4.8 
Beecb-nnU 2.7 
Wlioat-gtaiuB 1.7 
Hemp  (ftilire  (Jant) 2.3 
65.    Composition  of  the  ash  of  plants.    Examination  of  trust- 
worthy analyses  of  the  ash  of  flowering  plants  shows  that  certain 
elements  are  always  present  in  it.   These  arc  potassium,  calcium, 
muffneaium,  and  phosphorus.     Besides  these,  whieh  always  ap- 
pear in  appreciable  amount,  there  are  others  which  are  nearly 
or  quite  as  constant  in  occurrence,  although  in  some  reports  of 
analyses  they  are  not  given,  because  existing  in  such  small  pro- 
portion.   They  are  iron,  cMorine,  sulphur,  and  sodium.    The 
elements  mentioned  are  usually  recorded  in  analyses  in  the  fol- 
lowing eombinations :  potossa,  phosphoric  acid,  lime,  magnesia, 
sulphuric  acid,  soda,  and  ferric  oxide.     But  it  is  to  be  observed 
that  tho  combinations  stated  in  the  tabulation  of  analyses  are  by 
no  means  designed  to  exhibit  all  those  in  which  the  elements 
occur  in  the  plant;  for  instance,  the  sodium  and  polasshini  are 
presumably  combined  with  the  chlorine.     Again,  it  must  be  no- 
ticed that  upon  combustion  the  mineral  matters  in  the  plant  are 
commingled  with  a  larger  or  smaller  amount  of  carbonates,  the 

'  E.  Wolff,  Dia  MittUre  Zmammensetiung  dor  Aarhe,  1863,  p.  77  tt  xq. 
See  alio  an  (excellent  rensfil  transUtiou  of  WolfTs  tables  in  ihs  Appendix  of 
JohnBOTi's  "How  CrojA  Grow"  (ISltS).  For  the  pvrcvutage  of  ash  in  trees 
and  wood/  plants,  as  well  iw  the  amounts  of  phoophoric  acid  and  patash  found 
in  sach  u1i,  see  a  ver;  valuable  table  by  Storer  (Bulletia  Bowey  Institution, 
1874,  pp.  207-246), 
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«.u^^uiJ.  dA'^A'iidii^^  i//u>ewii4d  ''u^ju  tL«  tempemtore  at  which 
ijtj^  i^.'U  iJt  iH^iMi^i'*  In  Xhfc  f'^lkpwuig  «burt  tabk  a  few  of  the 
u.-^i^\  i.ii*'^UfA:K  tjAWuA  hy  4'AiUi^/u  *  have  heen  inrought  ti^ether 
h^  i.^iMhii  U*K  ^/i-4/{></ULf/iM>  of  Xh/e  abh  ouiuititueutb. 
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1.7 
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1.9 

2.7 

r.LWK    o|  h<ilj*ijj  i.'iiu 

iiti.n 

h.» ; 

iO.h 

5,7 

5.2  1 

1.25 

2.4 

26.^ 

Vf  Imi*!  ^i*«ii< 

»l.:i 

4d.l 

''••^ 

12.2} 

1 
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lihii  'I  Im:  lon^ijiiiiig  lulilu  iiHlU'ttUfH  that  wide  dirersitT  exists 
III  llii:  u  III  III!  It  I M  III'  llat  on  Unary  aHli  coiiHtitucnts  of  oommon 
I  fill  111  n.  Hut-  i:(iiii|mribiiii  of  a  lar^n  niiinlK*r  of  analj'ses  shows 
Hull  llii:  IffilnvviiiK  ut'iK-iul  btiiUniUMiU  iiMiy  bc  made:  — 

I  lliiiil'i  Hliir.li  I'liincly  risMiMiihlu  each  other  in  stractaral 
i.li.iitii  liidi  liitvit  biihnt4iuUaUy  Uio  Maine  proiiortions  of  ash  oon- 

J  lliit  |ii«i|i(iiti«iiiii  of  thu  iimIi  cH>nHtitiicnts  in  any  part  of  a 
I'l.iiii  HUM  vuiv  wilhiii  ('ortuiii  liaiiU;  and  these  limits  maj' differ 

.it  tlllh  iiiil-  Im-iIimI'i  of  t^rowtli. 

•»     I  111.  |.iti|MiiUiiii»  iiiuy  vary  wUloIy  for  different  parts  of  the 

•  itllHi.    |(l«iul 

h(><  :sul  iiiil\  UIO  tlio  clciiientri  enuuieratiHl  in  the  first  list  in 
iMi  I  alu.n  1  |.u-»»Mii  ill  llio  u>«h  of  rtowonnjr  plants,  but  they  are 
..liut.u  1.^  I  w|.iiuiuiit  to  Ihi  imUsiHMisaMo  ti>  their  ftiU  develop- 
liM  til  ,  ami  iluii*  1:3  It  loHsoimblo  ivrtuiuty  that  iron,  sulphur, 
aiiil  |iiui..ii.ls  1  lili.iiius  nhouUI  l»o  \Aa\x\\  in  the  same  category  of 

lli(ll^|i(it  laiili.  rli-liu^lili. 

Aiiuithu-  (1.  N.iy.i'li,^  ^oino  of  the  rtowerless  plants,  notably 
llu.  uu.iiM..  auil  ilu*  MUi'.oinwvU'H,  etiu  attain  full  development 
Willi  tivu  I  i-'U  uuiili. 

tUiS.  .4|i|iai'utu4.  NN  h\\v  dwutwul  analysi:*  of  the  ash  of  plants 
ivvfuU  lUc  iluuiuWi  or  Uio  luiiicnil  matters  which  they  absorb 
lixau  wiiWv  aud  soil,  il  cannot  materially  aid  the  investigator  in 


*  H>w  Oo|«  Oii»w.  ISjiS,  \k  ]:»o. 

*  SiuuDj^sb.  J.  buvt-r.  Alud.,  157'^.  p.  340. 
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learning  the  ofHoc  of  each  constituent.  Tliis  is  more  satisfac- 
torily 00(^0 mptished  by  water-culture,  which,  reduced  to  its  sim- 
plest terms,  cODsista  iu  furnishing  to  the  plant  under  proper 
conditiona  different  mineral  matttrs  in  aqueous  solution,  and 
noting  their  effects  upon  it.  It  has  been  long  known  that  plants 
can  l>e  grown  to  a  considerable  size  in  ordinary  rivcr-watfir,  or 
water  li old ing  in  solution  certain  mineral  salts.'  But  it  was  not 
until  1858  that  the  method  of  water-cult ui-e  was  systematically 
applied  by  Sachs,  Knop,  and  Nobbe  to  the  investigation  of  the 
relative  value  and  the  office  of  the  different  mineral  coustituenta 
in  the  nutrition  of  plants.  It  lias  since  been  widely  employed  in 
the  examination  both  of  flowering  and  flowerleas  plants. 

669.  The  method  adopted  for  orilinary  flowering  plants  is  es- 
sentially as  follows :  seeds  arc  made  to  germinate  upon  some  clean 
support,  for  instance  moist  sponge  or 
cotton,  borse-hair  cloth,  or  perforated 
parchment-paper,  and  when  the  root 
of  the  seedling  is  a  few  centimeters 
long  and  the  plumule  is  somewhat 
developed,  the  plantlet  is  secured  to 
a  firm  support  at  the  surface  of  a  cy- 
lindrical glass  vessel,  in  such  a  man- 
ner as  to  allow  the  roots  to  dip  into 
the  nutrient  liquid  which  it  contains, 
while  the  body  of  the  seed  is  not  im- 
mersed. One  of  the  simplest  sup- 
]>ort5  for  the  plantlet  is  shown  in 
Fig.  14.').  A  perforated  cork  is  cut 
in  halves,  and  the  two  parts  are  held 
together  by  a  spring.  The  pressure 
eiertcd  by  the  spring  is  suflicient  to 
keep  the  plantlet  in  place,  and  not 
enough  to  injure  it  in  any  way.  When  the  plant  has  attained 
the  height  of  a  few  inches,  it  is  well  to  provide  a  firm  rod  at  llic 
side  of  tlie  cork,  so  that  the  stem  can  be  held  in  place.  Certain 
precautions  have  been  found  advantageous:  (1)  the  roots  in  the 
liquid  should  be  kept  darkened ;  (2)  the  solution  should  be  tre- 
quently  renewed. 
When  skilfully  managed,  this  method  of  culture  gives  very 


iv' 


'  Woodwnnl  (Philosophical  Traniactions,  16B9)  ind  Duhnmel  (Trait*  dM 
Arbres,  17S5)  have  pvau  iccannta  of  theit  cultivation,  cf  various  pluits  in 
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nalUlutitory  n^MulU ;  in  many  cases  plants  have  been  carried 
i9uli  l>  (UiHuiglioiit  thoir  whole  development  from  seed  to  seed. 
1  liit  |iiluri|ml  (UllUHilties  arise  fh>m  the  invasion  of  moulds,  and 
luiiti  iUu  iHintlauttl  changes  which  the  nutrient  solution  under- 

(ia».  Ill  'riuimndt,^  where  the  method  has  been  ver}-  success- 
I'lill.N  u|i|»liiul  ill  niunorous  series  of  cultures,  the  following  out- 
III  biiniiVM:  (1)  Minall  glass  vessels  covered  with  gauze,  upon 
u  liU'li  ilio  koiHU  Hwollon  by  twelve  hours'  immersion  in  water, 
uiiil  feuliiiO(|iioutly  sprDutoii  on  filtoring-|)aper,  are  placed  for 
luillii«i  (loM'lopuioiit;  ci)  wide-mouthed  vessels  of  the  capacity, 
ii»i|uHiiM«l,\ ,  of  oius  two,  and  three  liters*  each  of  which  is  pro- 
vtilril  mill  (ho  Npring  and  cork  already  de8cril>od. 

(it  I-  \\y  tho  oari'Ail  use  of  those  simple  appliances  the  r6le 
\\  liU  h  viwU  of  (ho  ash  ix>n$tituonts  plays  in  the  life  and  growth 
m\  pluiidi  liHH  Ihvii  a8(»rtainoii.  But  although  there  is  a  sub- 
bliiiiiuil  iigivoiiioii(  aiuou];  ox|H^ri mentors  as  to  the  more  impor- 
(4iu(  poln(iii  (hoiv  aix^  a  fow  uusottlotl  questions.* 

(ii.*.  Nnriiial  mtrtoit  mIiIUmi.  It  is  plain  that  an  aqueous 
»tilu((oii ««!'  (ho  Mil(j«  mnx^^^^ry  for  the  mo^t  active  and  complete 
dr\rlttpuioiil  of  Iho  plant  shiMild  have  thoso  salts  in  the  right 
)uopt^()«ni.  riio  M^huion  advisoi!  for  v>i\iinaT>-  use  in  the  above 
*  \pviMiioi)(^  iH  jixMUM^lIx  km^wn  as  xho  ThammlT  normal-culture 
.N«tUiiuu\.      N,\Mv  *  ^nos  tho  prv^ivrtions  as  follows  :  — 


i,,,.i   .,u,\  i'.   I..-,:  .*  •.  ..xj   :v  v.;.;    •*.».'  :^..r:   kr.i  '.j-*'.  :>  tiii  Titrasiiic  fungL 

t  i..   j,u.i  I*  oi  .  ••    .'.  j.-.vx.  ,..!>■, ....  *.-.' N.^^..~»vr.:.p  i«>k*  r»"iT:D<*cT<>i  with 

,»..  ....•!..■.»,..  .\.s   ....     i.K        ■    .■•■',:.■   •-•  s,'.  ..^   ;:'t   ■:*t's;  si:rr.-»i:uditi:?  for 

, ,., ,,  ..    .X    .,   *!*..      %   )...■!*»  Ti. :.':    :i-.  ■  .T.p  •■.:":.  "•Lr*;*  I 'E  rails 

t. .    t ,..,,..  1-:.  N .-..   -1  ;^ -• 'v -v     ■■  • '     "^  »   "'J  I :  T'J...'^.:-..:  .  T.Tv-i.  ":j*i>  tl<  pass 
^ Is    ,.,     ....  «  .1    .-,   V-Mv t      .  :.    u.-.nc.  :-..n.  :Jtf  I'-Tifi  air  in 

•    \|   ,..x.,   .,   ,.   t.   ;v  ;v»  •'.    '   1  ' '.     .1-   .-.HI.:  ;.Mr.*  *•!  wtTrr-rc^ture 

,    %    ,,  w,  ,!,»> s      •   ^   .  ■     .  -:     '   r'v:-*'  ■  T    :it«  ?.ur-.iLi'CMs  ci  the 

,     ,1..  ...   .    *  ..-,    ■,.  ..   ..   ..  N  ■■.  '   »  .     •  •      '.      :  :x  ,.  •'    -  I.  V  .»    ,Miu.  iJnSj?  li.ftT  be 

,,    I    ,1.   .-..      .s    ,...v..-v      ••••..    '....>.!■ -r  J  .p-w  :i  .v.t:a.n 

,    .,    ..    .  4   ...  .  .       ..    .,,     ^  ■.    '•  .      '     v.-        X       -s.    ir.-*T  :t  vfT/'T  fcj.iBe- 

,      ..    .,   ,j.     ....-.!.'.  -.'         ..    .    -^     »■       .-    •:•        ..-'.:-..  *x':su.i^-»  bare 

,  s      ,.     N.      •  .      *      -  ^  'x   ,  ■  .    --.-.•i- Ij"     f.r  :r.NTi:ii.'*f* 

,^ ..       »,.....  \'  -.  •    :■  «<   f,^  r.i.  iijfVfd.  liif 

^     .       -'-:;:■     *.-:.t I. ■.*»..  s*ii.  «i.Ki  is 

,.    ,,  .    .1 \..  V.  '    .       ..-  -N  -^T   1    ■^,— 1<.  :ii*iiiirl  ilicir 


NirraiENT  solutions.  251 

1  Equivalents  of PoUssic  i^liloride 

i  Equivaleuta  of Calcic  nitrata 

1  Hijuivolciit  of     r    .    .      MagDDsic  sulphate  (crjatallizcdj 

One  part  of  the  misture  of  these  suits  is  to  be  dissolved  ic 
one  ibousand  part«  pure  water,  and  then  a  trace  of  ferric  phos- 
{iliatc  is  to  be  added,  and  at  times  duiing  any  culture  a  trace 

EiU)  of  potossic  phospliate.  Tlie  proportions  of  the  ahove  salts 
to  » liter  of  water  are  given  as  follows  by  Brctfeid ; '  — 
I  Fotasaic  chloride SD7 
I  Ciihac  nitrata 456 
Uagneaic  Eiil[ibati> 171 
678.  Pfeffer  recommends  the  formula  suggested  by  Kuop  : "  — 
I  Calcic  nitrnle 4  pnrta  by  weight 
I  Fotuiic  nitrate 1  port  by  weight 
■  URgnesic  sulpbatc  {cry stall iiteil)  ...  I  ]nrt  by  weight 
I             PotHsiiu  phosphate 1  part  by  woifjht 

These  salts  are  to  be  thoroughly  mixed  and  the  mixture  used 
In  the  proportions  of  ai/uot  tAdi  bIs  parts  of  water.  To  the 
K>Iiiti<m3,  when  ready  for  use,  a  drop  or  two  of  a  solution  of 
aome  iron  salt,  or  a  decigram  of  ferric  phosphate,  must  be 
ftdd^d. 

674.  According  to  Knop.  the  first  of  the  solutions  mentioned 
above  (one  half  pro  mille)  is  as  dilute  as  can  be  useful ;  and  on 
the  other  band,  a  Bve  pro  mille  solution  is  as  strong  as  can  be 
employed  with  safety.  But  the  stronger  solution  should  be  used 
as  the  plant  comes  into  Bower.  The  slight  tm'bidity  which  is 
frequently  noticed  in  these  solutions  may  be  disregai-ded. 

If  the  solutions  become  alkaline  while  in  contact  with  the 
roots,  as  they  are  very  apt  to  do,  a  truce  of  dilute  nitric  acid 
may  be  added  with  advantage.  But  it  must  not  be  forgotten 
that  it  is  best  in  every  case  to  renew  the  solutions  frequently, 
and  as  a  rule  to  employ  tiiem  in  tolerably  lai^e  amounts. 
Moreover,  it  is  advantageous  to  pass  a  current  of  air  occasion- 
ally through  the  solutions  in  whieh  the  roots  are  placed,  for  the 
purpose  of  supplying  more  oxygen  to  tUom.' 

«  manner  that  1  and  2  contoiued  oue  plant  each,  3  aud.  4  two  plaaCs  eacl,  and 
S  three  planti. 

>  Das  Vcrsachiwracn  aotdem  Gebiete  der  PflaDzvnphjBiologie,  1884,  p.  130. 

'  Lehfbuoh  det  Agriciiltnr-Chpmie,  i.  1808,  p.  605. 
pl  For  solutjgiDa  fur  Uie  cultivation  of  fungi  various  fomiulBB  have  been  pro- 
1,  only  a  few  of  which  can  be  here  rBferrod  to  :  (I  J  3  to  Sgniina  of  sugar 
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675.  The  constitoents  ina\'  be  taken  ap  b}*  the  roots  in  lai^r 
proportion  than  the  needs  of  the  plant  demand.  The  excess 
ma\'  (1 )  remain  in  solution  in  the  sap  of  the  plant,  (2)  may  es- 
cape to  a  slight  extent  through  superficial  parts,'  (3)  may  form 
insoluble  incrustations  or  concretions  upon  or  in  the  plant.' 

G76.  The  office  of  the  dUTereat  ash  coMtftMBts.  Potassium. 
The  most  conclusive  evidence  in  regard  to  the  importance  of  this 
clement  is  afforded  b^'  experiments  by  Nobbe,  Schroeder,  and 
Erdmann.'  Plants  of  Japanese  buckwheat  were  grown  in  a 
nutrient  solution  free  from  any  trace  of  a  potassium  salt.  Ex- 
amination after  a  few  weeks  showed  that  all  the  organs  of  the 
plants  were  free  from  starch,  and  that  although  the  points  of 
growth  remained  sound,  all  growth  had  practically  ceased.  Even 
in  tlie  chlorophyll-granules  not  more  than  a  trace  of  starch  could 
be  detected.  As  soon  as  a  salt  of  potassium  was  added  to  the 
water,  the  plants  began  to  grow  again,  and  thenceforth  the  de- 
velopment was  normal.  From  the  same  series  of  experiments  it 
appeared  that  the  chloride  was  the  best  form  in  which  potassium 
could  be  given  to  these  plants,  and  the  nitrate  the  next  best ;  while 
on  the  other  hand  the  phosphate  and  the  sulphate  appeared  to 
exert  a  less  favorable  effect  After  use  of  a  solution  of  the  latter 
salt  the  leaves  were  fleshy,  more  or  less  rolled  up,  and  it  was 
evident  that  the  starch  fonned  in  them  was  not  transferred  to 
the  other  organs  of  the  plant.  Nobbe's  statement  follows: 
''The  production  of  starch  in  the  leaves  is  not  de|)endent  upon 
the  form  in  which  potassium  is  afforded  to  the  plant,  but  this 

in  100  cu)nc  centimeters  of  water,  to  which  J  to  3  pro  mille  of  the  above  salts 
(s<*e  673)  maybe  added,  and  al.>o  a  tra»e  of  amnionic  tartrate  (Pfelfer,  Ptlanzen- 
jdiysiologie,  i.  p.  254)  ;  (2)  Tasteur  (Ann.  de  Cliimie  et  de  Physique,  1S62, 
]>.  106)  recommends  the  addition  to  loO  c.cm.  of  water,  of  10  grams  of  cane- 
su^r,  .5  gram  of  amnionic  tartrate,  and  .1  gram  of  the  ash  of  yeast ;  (3)  Nageli 
(Sitzungsb.  d.  bayer.  Akad.,  1870)  has  the  following  :  100  cm.  water,  3  grams 
cane-sugar,  1  gram  airimonic  tartrate,  4  grams  ]>hosphoric  acid  neutralized  by 
the  ash  of  peas  or  wheat ;  (4)  Nageli  suggests  also,  for  the  cultivation  of 
Schizomyretes,  100  c.cm.  water,  .1035  gram  hydro- potassic  phosphate,  .016 
gram  magnesia  sulphate,  .013  gram  potassic  sulphate,  .0055  gram  calcic 
chloride. 

1  Sachs  (Botanische  Zeitung,  1862,  p.  264)  states  that  drops  of  water  placed 
on  the  leaves  of  Tropaiolum  and  Cucurbita  are  found  after  a  time  to  be  alkaline. 
Saussure  (Recherches  chimiques,  1805,  p.  263)  asserts  that  if  leaves  of  fresh 
plants  are  washed  with  water,  the  ash  which  they  yield  on  combustion  is  found 
to  be  poorer  in  alkaline  salts  than  that  of  leaves  which  have  not  l)een  so  treated. 

'  Cystoliths  and  the  like,  the  incrustations  upon  certain  species  of  Saxi- 
frage, are  cited  as  examples  of  the  latter. 

■  Versuchs-Stationen,  xiii.,  1870,  p.  357. 
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itncnt  must  be  preBpnt  in  order  to  have  any  starch  formed. 
The  traasport  of  the  elaruh  fiom  the  leaves  to  other  puita  is, 
however,  dependent  upon  the  form  in  which  the  jwlassiuin  ia 
presented  to  tlic  plant,  and  for  this  purpose  the  chloride  is  most 
efficient." 

677.  Calcium  and  magnesium.  These  elements  cannot  re- 
place one  anotlier  in  tiic  plant,  though  it  is  not  clear  what  ofDce 
titey  perform.  PfeSer  regania  it  as  possible  that  calcium  may 
pl»y  an  important  part  in  the  formation  of  the  cell-wall,  inas- 
nueh  as  it  can  always  he  detected  there.  MelnikulT  is  quoted  by 
PretTcr*  aa  stating  that  iu  the  cell-wall  calcium  generally  exists 

05  the  carbonate.  It  is  suggesteil  b^*  Sachs  that  this  clement 
m:ty  enter  into  combiuation  with  cellulose,  as  it  does  with  some 
other  carbohydrates. 

When  seedlings  are  grown  in  pure  water  their  development 
after  a  short  time  becomes  completely  checked,  and  the  ad<lition 
of  ell  necessary  substances  except  calcium  salts  fails  to  stimulate 

6  normal  growth;  but  aller  tlie  addition  of  a  small  amount  of 
any  calcium  salt  the  normal  processes  of  the  plant  I'ecommcnce 
at  once.'  Regarding  the  almost  universal  occurrence  of  caldc 
oxalate  in  plants,  Sachs  says:  "The  importance  of  calcium 
must  therefore  be  sought  pnilly  in  its  sei'^'ing  as  a  vehicle  for 
sulphuric  and  phosphoric  acid  in  the  absorption  of  food- material, 
and  partly-  in  lis  fixing  the  oxalic  acid,  which  is  poisonous  to 
the  plant,  and  rendering  it  harmless." ' 

678.  Phosphorus.  The  principal  and  perhaps  the  only  com- 
bination of  this  element  availatile  for  plants  is  phosphoric  acid 
(the  phosphates).  The  experiments  by  Ville  upon  tlie  absorption 
by  plants  of  calcic  phosphite  and  hyjmphosphite,  although  not 
conclusive,  make  it  appear  probable   iLiat   these  salts  cannot 

ice  the  phosphate  in  absorption. 

not  clear  what  the  oflice  of  phosphorus  is  in  the  plant, 
in  some  of  its  compounds  it  is  so  often  associated  with  the 
ible  albuminoids  that  it  is  believed  to  assist  in  the  transfer 
of  these  matters.  Schumacher  holds  that  the  chief  work  of  the 
alkaline  phosphates  is  the  aceeleralion  of  the  diffusion  of  these 
difficultly  diffusililo  substances  (the  albuminoids).*     (See  957.) 

1  PflMwcnpbj-siologie.  i.,  ISSl.p.  2a». 

'  ~    ■        SiWuugsb.  d-  Wien.  Akail.  Band  luL  Abth.  i.,  1875,  p,  481. 

Text-book,  Sd  ed.,  18S2,  p.  690. 

"  If  these  [alkaline  plioaphnles]  Bnlxtances  are  mixril  with  «  solution  of 
eoliition  oftliriu  is  i>eriiiit(rd  todtiTuBe  agaiuBt  oneof  nlbtimin, 

ih  greater  amount  of  tbe  latter  will  pass  tbrougU  the  membnuM  tb&a 
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679.  Iran.^  When  a  plant  is  provided  with  a  nutrient  solu- 
tion containing  all  essential  elements  except  iron,  its  chlorophyll- 
granules  fail  to  attain  complete  development.  They  remain  in 
an  imperfect  condition,  and  do  not  have  the  characteristic  green 
color.  Upon  the  addition  of  a  mere  trace  of  a  salt  of  iron  to  the 
solution  a  change  is  observable  at  once,  the  granules  assuming 
their  proper  shape  and  color.  Plants  grown  in  a  solution  with- 
out iron  have  a  pale  and  even  blanched  look,  which  at  once 
disappears  when  iron  is  added ;  moreover,  a  local  effect  is  pro- 
duced when  a  solution  of  a  salt  of  iron  is  placed  on  the  surface 
of  the  blanched  leaves  of  such  plants,  —  a  green  color  is  given 
wherever  it  touches.  But  it  must  not  be  supposed  that  the  fail- 
ure of  some  leaves  to  produce  chlorophyll  at  certain  points  or 
spots  is  always  due  to  absence  of  iron. 

It  is  not  clear  that  iron,  which  is  so  necessary  to  the  produc- 
tion of  chlorophyll,  enters  into  the  composition  of  either  the 
granule  or  the  pigment;  but  according  to  Pfeffer  there  is  a 
strong  probability  that  in  the  latter  it  exists  in  the  form  of  some 
organic  compound.  Iron  has  been  found  in  the  cell- walls  of  cer- 
tain algse^  (as  an  inci*ustation),  and  also  in  the  fruit  of  Trapa 
natans,  the  frond  of  Lemna  trisulca,  and  sparingl}*  in  other 
plants,  as  shown  by  the  analyses  collated  by  Wolff. 

680.  Chlorine,  This  element  appears,  from  experiments  by 
Nobbe '  and  Beyer,*  to  be  indispensable  to  the  full  development 
of  some  plants  (c.  g,,  buckwheat),  but  it  is  not  required  for  many 
others  (e,  ^.,  Indian  corn).*     Nobbe  concludes,  from  his  experi- 


would  otherwise  be  the  case.     In  the  life  of  the  plant  this  work  of  the  alkaline 
phosphates  plays  a  very  important  rf)le  "  (Physik  der  Pflauze,  1867,  p.  129). 

1  That  iron  is  indisiH-nsabh*  to  the  full  vigor  of  plants  was  shown  by  Eusebe 
Oris  in  1843,  and  the  subject  was  further  studied  by  Arthur  Oris  in  1857. 
Salrii-IIorstniar  (in  1856),  Sachs,  and  others  have  added  much  to  the  knowledge 
of  the  subject,  showing  that  no  other  element  can  replace  iron  in  producing 
the  chan«;es  noted  above. 

2  Cohn  :  Roitriige  zur  Biologic  der  Pflanzen,  1870,  p.  119. 

«  Versuchs-Stationen,  vii.,  1865,  p.  371  ;  xiii.,  1870,  p.  394. 

*  Versuchs-Stationen,  xi.,  1869,  p.  262. 

^  Kiiop  :  (juoted  by  Pfeffer,  Pflanzeiiphysiologie,  i.,  p.  259. 

The  conclusions  reached  by  Johnson  in  1868  appear  to  need  little  modifica- 
tion at  the  present  date.  **  1.  Chlorine  is  never  totally  absent.  2.  If  indis- 
pensable, but  a  minute  amount  is  recpiisite  in  the  case  of  the  cereals  and  clover. 
3.  Buckwheat,  vetches,  and  i)erhaps  peas,  require  a  not  inconsiderable  amount 
of  chlorine  for  full  development.  4.  The  foliage  and  succulent  parts  may 
include  a  considerable  quantity  of  chlorine  that  is  not  indispensable  to  the  life 
of  the  plant"  (How  Crojis  Grow,  p.  182). 
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^^^Bents.  that  it  is  required  for  the  transrcr  of  starcli.  Associating 
^^^HSa  view  witli  what  is  known  regarding  tlic  olSce  of  giotassiuiD, 
^^^H  is  easy  to  sec  wliy  potassic  chloride  sboiild  be  so  useful  a 

681.  Sulphur  is  nbsorbetl  by  plants  in  the  form  oftlie  soluble 
Biilphates.  Tliese  are  believed  to  undergo  immediate  deeompo- 
flilion  in  tho  plant;  for  example,  caleic  sulphate  is  dei:om|)osed    , 

I  once  by  oxalic  acid,  and  calcic  oxalate  ia  formed.     The  sul-    i 
uric  acid  thus  set  free  ia  reduced,  the  sulphnr  entering  into 
)  constitution  of  the  albuminoids'  (see  884).  i 

682.   Sodium  salts  cannot  wholly  replace  potassium  salts  in 
I  plant;  nevertheless,  for  a  portion  of  the  potassium  needed 
tbe  plant  an  equivalent  amount  of  sodium  can  in  some  cases 
eubsUtuted.     It  has  been  found  (lossible  to  cultivate  snccess- 
ly  some  maritime  plants  which  normally  contain  a  certain    I 
lount  of  sodium  sails,  when  potassium  has  replaced  sodium   j 
the  water  furnished  to  tlie  plant. 
683.   Borer  constltnents.    Besides  tho  ash  constituenta  always 
detected  in  plants,  there  are  certain  elements  which  are  oidy 
occasionally  met  with  in  greater  or  less  amount,  and  these  will 
ttc  next  considered. 

G84.  Silicitim.  This  element  is  so  abundant  in  ttic  ash  of 
many  grasses,  Equisetaces,  etc.,  that  it  almost  claims  a  place 
in  the  list  of  indispcnsalile  elements;  but  experiments  have 
shown  abnndnntly  ttiat  in  grasses  at  least,  the  {iroportion  of  it 
present  can  be  reduced  to  a  very  low  point  without  materially 
I  ftlfecting  the  vigor  of  the  plant  or  tlie  strength  of  the  culms. 

~  lua  Sachs*  showed,  in  1862,  that  the  amount  of  silicic  acid  in    ' 
IB  Bsh  of  Indian  corn  could  be  reduced  from  18  per  cent  to  .7 
IT  eent.  without  injurious  effect  on  the  plant. 
'  685.   Zinc  has  been  detected  iu  many  plants  grown  on  soil    ' 
containing   it  in  cousiderablo  amounts ;    for  instance,   that  at 
Altenberg*  (near  Aix).     Freytag' found  that  all  plants  experi- 
mented upon  were  able  to  absorb  more  or  lees  zinc  when  it 


t 


1  Bretfrld :  Daa  Venuchawrapn,  1884,  p.  134. 

»  Hokner:  Flora,  1887.   An  inWrtatiog  paper 'byHilgers  (Pringsh.  Jahrh, 

vL,  ISfiT.  p.  SSfi)  pm  an  acconut  of  tlie  formntian  of  crystals  of  calcic  DinUto 

in  virioua  parts  of  plants,  nnd  pres^nta  certain  speculations  as  to  their  nrigiii. 

■  Flora,  18fl2,  p.  53,     Fiirtber  BxpfrimciiU  Bro  reeonlwl  by  Knop  (Ver- 

•aclu-Suitioii^n,  it.,  1802,  p.  176),  Ran tenberg anil Kiihn  (Vereuchs-StatiDticii, 

1S61,  p.  359),  BtmerandLncanus(Veraaclis-StaIianeti,  viil,  ISee,  p.l4l). 

Sacht :  Handbuub  iler  Eupe  rim  ratal- phyaiologie,  18C5,  p.  153. 


Chetniacbei  Cenlral-blatt,  1870,  p.  617. 


>.u\).   ^m 

AM 


—     »  --'.'^ 


'.k 


It    -    -■ 


V  ■  - 


iirius 


«     ^ 


- « 


=,•*   »•  -  - 


i-r 


IS-      ^ 


■      •■■■  ■  "1  "U.-:    *'  •-t_"r»^ 

-  '.-Zt  I*:-:  r  :*  ii.r.r  '  in? 
•-::  *  -Li :  .n  ri-  rLsh  of 


"1    n    •■»-!" 


-^..  :?'?o.  p.  V26. 
.  l^'i",  p.  3-J:*. 

"■"--  be  fonnd  in 


CHAPTER  IX. 

TBANSFER   OF   WATER  THKOOGH   THE   PLANT. 

686.  Wateb  is  a  constituent  of  all  active  cells,  Tlie  proto- 
plasmic body  of  the  cell  possesses  a  marked  altlnily  for  it,  and 
vp  to  a  given  point  can  abstract  it  from  tbe  ordinaiy  surroiiod- 
ings,  hut  ander  certain  conditions  releases  it  again.  If  a  water- 
l^ant  in  full  activity  is  removed  from  water  and  exposed  to  the 
air,  it  speedily  loses  by  evaporation  a  considerable  part  of  ita 
eonstituent  water,  and  shows  the  elTect  of  lliia  loaa  by  a  col- 
lapsing of  its  cell-walls  and  by  a  withering  of  all  its  parts.  But 
if  only  ^  small  portion  of  the  plant  is  lifted  above  the  surface 
of  the  water,  the  loss  whicU  takes  place  will  be  partially  sup- 
plied by  transfer  through  tbe  celk  remaining  submerged.  Two 
{mints  are  made  clear  by  this  simple  experiment:  (1)  evapora- 
tion goes  on  with  gr^at  rapidity  from  the  exposed  surface  of  the 
plant ;  (2)  only  a  part  of  the  loss  of  water  can  be  made  good  by 
transference  from  submerged  portions. 

687.  Comparison  of  the  structure  of  a  water-plant  with  that 
of  an  ordinarj'  plant  adapted  to  growth  in  the  air  shows  that 
the  surface  of  the  latter  is  such  as  to  prevent  very  rapid  evapo- 
ration, and  also  that  the  loss  caused  by  tbe  evaporation  can  be 
made  good  if  the  lower  part  of  the  plant  remains  in  contact  with 
water.  In  other  woi-ds,  the  plant  (1)  has  a  surface  which  protects 
it  against  too  great  loss  of  water;  and  (2)  is  provided  with  a 
sj'Btem  by  which  the  needed  supply  of  water  can  be  replenished. 

68S.  But  it  is  not  alone  by  evaporation  from  the  surface  that 
water  is  consumed  by  the  plant.  Wherever  growth  goes  on  or 
work  is  done,  water  is  consumed,  and  a  fresh  supply  is  required. 
Tbe  question  of  the  transfer  of  water  is  therefore  a  general  one. 


SOME  OF  THE  RELATIONS  OF  WATER  TO  TISSUES. 

689,  The  cell-wall  which  separates  the  cavity  of  one  cell  from 
that  of  its  neighbor  is  a  permeable  membrane.  According  to 
the  hypothesis  of  Niigeli  (see  588),  it  is  composed  of  solid  par- 
ticles (mic-ellte),  each  of  which  is  enveloped  in  an  adherent  film 


razorGH  the  plant. 


rsier  laii  zurs^  jr-^fanpi  zma  ccvlzhs  in  coDtaet  with  those 
=-i  r.  JL-rvruajT  i:  "au*  i;^T«:C2iM3&.  jJl  the  water  in  a  cell- 
>  =n>:r:iriJ-  r.-acniDriisi^  asii  can  flow  freelv  between  the 
=i--tlJ  ~atr*:n.r-.  £  a  rtsL  rriLifcLii*  hs  maximam  amount  of 
vt^orT  uai  -UK  rtdr^^iJ.  3S-  'ifRXiSi-^  'Jitt  walcT  is  in  a  state  of  equi- 
I.'T-.un.  lJc^w*2!«  n  1  i»»K  AiojiLiiisr  its  maximum  amount  of 
v^^Lr  "u^s-  &>  n  «:iuIi;:rimL.  Ite  tijc  ^ddance  can  be  easily*  dis- 
Tir*vi  n  i  iiaiic  ?•;  iTicwrtiijrc  fr:cn  ibe  Hzrface.  or  by  other 
.aicso  .'^•i.p:  Tn:aizi:o»*L  If-  iir-wcver,  a  sufficient  part  of  the 
^s.-H.r'  iiac  •yurac^  .'t  "ii«  -:»si:lz  i<  ii  ^ociact  with  water^  the  bal- 
*?.•=  .-su  ?fc  "Ti^o.-ps'L  ?;acif  "a»f  w^iAw  in  the  cell- walls  is  practi- 
,7ul^  «.AsUlluvu^'  v'tu  zxixz  it  'Jitt  «czTv«3i>diDgs.  The  equilibrium 
>  >:'s.»,t**i  J-  "lit-  "r:L3i*JiC  :'  ibe  wa:«-  oatside  the  cell-wall  to 
at  •j-^-tsiii  tjAjil*.  im:  Ujiai.'v  To  :ifi  parts  within.  The  tendency 
V  i:\  '♦-^ari'ria^/ii  ,'i"  iia  i*^LU^c:ziz  of  water  in  a  plant  is  so 
^•*">.  a^H  ^Ai-ia-Tv  :*T  a'Ssmk'5  <Tya  the  firmly  adherent  hygro- 
H.»  vv.  *r»Lv.r  >.in  nirc.«-"j»  'tf^-tl  s«  <44K  From  the  roots  or 
Aix-   ii>^'r*Mi^  ,iv»J2>  titi  waxc  jttsse*  sooner  or  later  to  the 

<«v .  ^ix  iivx.  ,-r::!u:'x*  Tii&zts:  s=»i  in  masses  of  cellular  tissue 
v.:  IK  j\U-«^ls  id'iv  >ir:ts'a7rn>"y  ;be  same  capacity  for  transfer 
.\  *.-%.^i-  ^uf  If  ^-  :»a^ii*  w2;*>:c;  ;\>saiKS  a  fibfo-rascnlar  system 
IX  !Nii>iC»'  :tuv,-s  .»:ii.-^  ,-lK'fT  •y  means  of  the  lignified  cell- 
%.v.  N  wui  ,-\'i  I  ,^-  ".  ii.*  ;ui=i**  l:te  axMses,  it  is  in  those  cells 
».:  .1  v^  .»*.ir^'^i.\v.  J  ■•••  .c-vr^T?*'  lii^onfnriated  to  form  an  im- 
-^:  -^vM'    .V  -v«» » v»-     -t.riw^\*ri  :1a:  :bt  npid  transfer  is  made. 

r^»i^  ^  "^^sAvr  a  v^n^T  filaMls.  In  ligneous  plants 
•v  •  ^  t  ^  ^  ••%  !>.•:■■•-.*■  r-'.^s;  r*;:u.::v  :J:rvxyA  the  woodv  tissues. 
"*.x  >  ,  vv»*  !ivi!.i^  '  vr. "*■;'.:  >:•  "iir.r.ing"  their  stems:  that 
>.  .ux^Ju.  *  •':.  '*  .Mri^::.«:c:  :r;ur:ng  the  wood.  For  a 
i  ..X  :v  ^.*v^  '•"•*  '  — ^-^  *^-  '^^^  plants  appear  to  suffer 
,..x  J:^,K^  •  :rv  ..v>l  a:  i- .  An  exrly  experiment  in  regard 
1  .\  :^..^o.  .'V  '••i.v-  .->  :-:j.:  >?'  Hi^-s  >  i:3n,  who  says:* 
•*•*  K  '*^'v  vr  ,*«:^i  '^--  >n*r:h,  quite  round  a  like 
v^-vT    .     K    vv.*v'   aU     .-;i>:.-er.  .?*>^  after  the  leaves  were 

.'••    ^'  ^''•**^'  :rv^:.""     Further  experiments  have 

Cv.^r  *i,r  *K    \  ••   :  ^->^'^'**    *  "-*^^^'  ^^^'^^'^.^  *°  ^^^  younger 

^*.vv.*  ^     K    >^.      *'^'    vc  :x  t:-i  b<aTt-wooLl:  and,  also,  that 

jT^*  X  %\    -'     •  •  -  '^  •  ■•  *    '*''^  "^V  ■  •->'  ■"  ^^^  ivirtions  of  new  woo<l 

W-C  -K    Ns---   '  ^  -  ^  *^-^  *-  **  *»'^'°^  wood*  (see  395). 


PATH   AND  EATB  OP  TEANSPER. 


C92.  The  eonverae  of  ITales'g  experiment  is  equally  conclu- 
sive. If  the  continuity  of  the  wood  of  n  stem  is  interrupted  by 
the  removal  of  a  short  truiK-heou  without  at  the  stiiue  time  much 
injuring  the  bark,  tlie  leaves  wither  in  a  short  time.  Cotta ' 
asserts  that  iiixm  a  shoot  of  willow  which  still  maintains  its 
connection  with  the  plant  through  the  bark,  but  has  had  a  sec- 
tion of  wood  removed,  the  leaves  will  wither  as  quickly  as  tliey 
woald  upon  a  shoot  wholly  severed  from  the  parent  plant. 

693.  That  water  i-an  be  conveyed  through  the  stem  in  a 
direction  opposite  to  its  normal  course  is  shown  in  an  esperi- 
ment  by  Hales :  "  I  took  a  large  branch  of  an  apple-tree,  and 
cement«d  np  tlie  transverse  cut  at  the  great  end,  and  tied  a  wet 
bladder  over  It ;  I  then  cut  off  the  main  top  branch  where  it  was 
I  inch  diameter,  and  set  it  thus  inverted  into  a  bottle  of  water. 
In  three  days  and  two  nights  it  imbibed  and  perspired  four 
pounds  two  ounces  and  one  half  of  water,  and  the  leaves  con- 
tjuued  green ;  the  leaves  of  a  bough  cut  off  the  same  tree  at  the 
same  time  with  this,  and  not  set  iu  water,  had  been  withered 
forty  hours  before,"* 

G'J-I.  Deter mtnation  of  path  and  rate  of  transfer.  Two  modes 
of  experimenting  have  been  employed  in  order  to  ascertain  ex- 
actly the  path  and  the  rate  by  which  water  is  transferred  through 
ligneous  plants.  The  first  of  these  consists  in  using  a  colored 
solution,  which,  when  taken  into  the  plant,  tinges  all  the  tissues 
with  which  it  comes  directly  in  contact.  The  stem  or  branch 
used  in  the  experiment  is  cut  sharply  off  and  its  end  is  plunged 
at  once  into  a  colored  solution,  for  instance,  of  some  aniline 
dye  or  some  colored  vegetable  juice.  As  the  liquid  ascends  the 
8t«m,  certain  portions  of  the  tissues  become  more  or  less  deeply 
tinged,  and  its  course  and  rate  of  ascent  can  be  traced  by  sec- 
tions made  at  any  given  time,  at  different  distances  above  the  cut 
end.  A  similar  raetlio<l  has  been  also  employed  by  plunging  in 
colored  water  the  uninjurccl  roots  of  the  plant  to  be  examined.' 


»  Qnot«d  by  PfelTer:  PflanzenphyMiologie,  i.  128. 

i  8Utic&l  Essays.  L,  1731,  p.  ISl. 

•  "  QubI  quo  wit  la  liquiJe  employi  «t  !m  vnriations  de  I'eiiN^ripncp,  lea 
rfnIIatR  g^neranx  ont  peu  varie,  savoir  ;  que  I'iho  coloree  ne  peuelro  ni  jmr 
I'icoree  ni  par  la  mo«lle,  nwiB  toujoura  an  trarers  du  corpi  llgnouj,  tanlftt 
dans  toate  >on  ^umlue,  quelquefoii  dans  la  partie  la  plus  jvnue,  SBVoir,  Vex- 
t^mur  du  rorp»  ligneaxitea  exogino,  et  I'int^rieiir  des  endofi^nu.  On  obtient 
c«  ni£m«  rjaultat  g^njral,  soit  qu'on  plonge  les  plantes  maniea  de  tontM  leun 
niriD««,  writ  qu'oD  emplaie  des  branchea  coup^  "  (De  CaadoUe's  Phyiiolagis 
rjg^lale,  p.  33). 
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695.  Tbc  two  objections  to  the  first  method  are :  (1)  that  the 
protoplasmic  bod}'  of  the  cell  resists  the  entrance  of  nearly  all 
coloring-matters,  therefore  with  many  dyes  it  is  necessary  to 
experiment  with  cut  stems  and  branches,  allowing  the  dje  to 
enter  at  the  cut  surface ;  but,  as  will  be  shown  later,  a  cut  sur- 
face which  has  been  exposed  to  the  air,  even  for  an  instant, 
loses  part  of  its  power  of  absorbing  water ;  (2)  it  is  by  no  means 
ceilain  that  the  dye  passes  through  the  stem  as  rapidly  as  the 
water  in  which  it  is  dissolved.  That  it  does  not,  seems  more 
than  probable  from  the  simple  experiment  of  suspending  one 
end  of  a  strip  of  filter-paper  in  a  solution  of  any  dye ;  the  water 
will  rise  faster  than  the  dye,  and  form  a  moist  space  above  that 
part  of  the  paj^er  which  becomes  colored. 

696.  The  second  method  of  experimenting  is  based  upon 
the  ease  with  which  certain  chemical  substances  foreign  to  the 
plant  can  Ikj  detected  in  it  if  once  the}'  can  be  introduced  into 
and  carried  through  its  tissues.  Dilute  solutions  of  salts  of 
lithium,  for  instance  the  citrate,  serve  best  for  this  method,  and 
Pfitzer  suggests  that  they  be  applied  to  the  roots  of  a  plant 
which  has  been  allowed  to  wilt  somewhat  from  drought. 

697.  The  two  objections  which  maybe  ui'ged  against  the  second 
method,  are  :  (1)  the  chemical  used  may  cause  more  or  less  dis- 
turbance in  the  plant,  and  may  even  excite  disordered  processes, 
and  it  is  plain  that  no  correct  conclusions  relative  to  the  rapid- 
ity of  transfer  in  a  healthy  plant  can  be  drawn  from  one  which 
is  in  a  state  of  disease ;  (2)  the  presence  of  a  difiusible  salt,  for 
instance  one  of  lithium,  may  change  the  osmotic  relations  of  the 
tissues  with  which  the  salt  comes  in  contact.  But  in  spite  of 
those  serious  difficulties,  these  methods  are  of  considerable  use 
when  cautiously  emplojcd. 

608.  The  above  methods  indicate  that  the  most  rapid  transfer 
of  water  is  through  the  lignified  cell- walls  of  the  framework  of 
the  plant.  The  source  of  supply  at  the  root  furnishes  the  need- 
ful amount  of  water  to  the  ligneous  tissues  of  the  fibrils,  and 
these  convey  it  to  the  converging  bundles  which  constitute  the 
framework  of  the  plant.  In  the  leaves  the  framework  divides  and 
sulxlivides  to  form  the  network  of  the  leaf  blade,  and  here  the 
ligneous  cells  and  ducts  are  in  intimate  contact  with  the  paren- 
chyma cells  which  make  up  the  pulp  of  the  leaf.  That  water 
finds  its  way  by  preference  through  the  fibro-vascular  bundles 
even  in  the  more  delicate  parts,  is  shown  by  placing  the  cut 
peduncle  of  a  white  tulip,  or  other  large  white  flower,  in  a  harm- 
less dye,  and  then  again  cutting  oflT  its  end  in  order  to  bring  a 
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Mil  surface  in  contuet  vritli  tbe  Bolution,  when  aflor  a  ahort 
time  Uie  dje  will  inouiit  through  the  flower-stalk  and  tinge  the 
parts  of  the  perianth  according  to  the  courae  of  tlie  bundles, 

€99.  Kate  of  ascent.  The  following  are  Bome  of  the  discor- 
daat  resnlta  obtained  hy  the  methods  mentioaed  in  694 :  — 


MiH  of  plane. 
Pruniu  LaurocerasaB 
Ssliifn^lU  .    .     . 


Plitier. 


700.   But  little  is  known  as  to  the  reason  of  tlie  high  conductr 
ing  power  of  ligneous  tissues.     That  it  is  not  wholly  due  to 
capillarity  (as  has  been  suggested  on  account  of  the  abundance 
ofducta  of  smali  calibre  in  most  wood),  is  shown  by  the  struc- 
ture of  the  wood  of  coniferous  plants  in  whidi  no  ducts  are 
present.     Again,  at  the  very  time  when  the  evaporation  from 
leases  of  plants  is  most  mpid,  and  the  transfer  of  water  to  sup- 
ply the  loss  must  be  greatest,  the  cavities  of  the  ducts  arc  not 
wlioUy  filled  with  hquid,  but  contain  a  considerable  amount  of 
«r :  whereas  according  to  the  theory  of  capillarity  they  should 
contain  only  liquid.     By  a  very  ingenious  series  of  espcriments 
Sachs  baa  determined  tlie  relative  amount  of  space  occupied  by 
^^^^lie  cell-walla,  water,  and  cavities  in  sevei-al  fresh  woods.     In 
^^^^Bf)  case  of  fresh  coniferous  wood  he  found  the  following  ratios 
^^^^B  100  cabic  centimeters  of  wood :  — 


C«U-wall,  reckoaeJ  an  dry S4.S1 

Water,  in  the  celt-wall  nod  in  the  cavitita S8.63 

Air-apicei liJ.GS 


exist 

I  70 

^^H«e: 


'iati  as  Sachs  says,  since  neither  intercellular  spaces  nor  ducts 
in  this  wood,  the  16, oG  per  cent  of  air  must  be  con- 
tuned  in  the  cavities  of  the  wood-cells ;  and  ftirther,  since  the 
cell-walla  can  take  up  only  about  half  their  volume  of  water 
(say  12.4  cubic  centimeters),  the  remainder  (46.23  c.c.)  must 
exist  in  the  cell-cavities. 

The  method  of  determining  the  amount  of  water  held  by 
cell-walls  of  dry  wood  is  Ihe  following :  — 
thin  cross-section  of  fresh  wood  is  hung  up  in  dry  air  until 
1SG8  to  lose  weight.     Daring  drying  a  crack  appears,  nin- 
ilng  from  the  centre  to  the  circumference.     After  ascertaining 
ight  of  the  disc  thoroughly  dried  {at  100°  C.l,  the  wood 
is  suspended  in  a  saturated  atmosphere  until  enough  water  is 


I 
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absorbed  to  cause  a  swelling  of  the  tissues  and  a  closing  of  the 
crack.  In  this  condition  it  is  safe  to  assume  that  the  cell-walls 
themselves  are  saturated,  but  that  there  is  no  Uquid  water  in  the 
cavity  of  the  cells.  The  difference  between  the  weight  of  the  drj* 
and  that  of  the  saturated  disc  gives  the  weight  of  the  water 
taken  up  and  held ;  this,  converted  into  volume,  is  found  to  be 
approximately  one  half  that  of  the  space  occupied  by  the  cell- 
wall  itself. 

702.  The  water  which  is  taken  up  in  relatively'  small  amount 
and  held  in  the  micellar  interstices  of  lignified  cell-wall  is  in  the 
state  of  equilibrium  previously  described.  When,  however,  this 
equilibrium  is  disturbed  by  evaporation  at  any  point,  there  is  an 
immediate  transfer  of  the  imbibed  water  to  that  point,  and  the 
loss  from  this  transfer  must  be  made  good  at  once  by  the  recep- 
tion of  more  water.  This  interstitial  transfer  may  take  place 
through  any  length  of  woody  tissue,  provided  there  is  a  con- 
sumption of  the  water  at  one  extremity  and  an  adequate  supply 
at  the  other.  When  the  consumption  of  water  is  onlj'  that  which 
is  due  to  the  opening  of  growing  buds,  or  to  some  chemical  pro- 
cess, a  slow  transfer  of  water  to  the  point  of  consumption  *  must 
take  place.  When,  however,  it  is  due  to  evaporation  from  the 
leaves,  the  transfer  is  exceedingly  rapid. 

703.  Boehm'  considers  the  ascent  of  water  in  ligneous  tissue  • 
to  be  "a  phenomenon  of  filtration  caused  by  differences  in  prcs- 


1  A  similar  trausfer  can  be  demonstrated  to  take  place  in  porous  inorganic 
matter,  for  instance  iK)wd«Ted  hydrated  gyj)sam.  If  a  long  tube  be  filled  with 
this  material  and  well  saturatetl  with  water,  one  end  being  placed  in  water 
and  the  other  exjjosed  to  a  dry  atmosj)here,  the  continual  loss  by  eyai)oration 
above  will  be  made  good  by  water  brought  up  from  below. 

Jamin's  apparatus  for  demonstrating  the  j^ressure  exerted  by  the  imbibition 
of  water  by  a  porous  sulwtance  consists  of  a  cylinder,  in  the  mouth  of  which 
can  Imj  placed  a  tightly  fitting  plug  of  wood,  through  which  passes  a  ma- 
nometer tul)e.  Tlie  pulverulent  substance,  for  instance  zinc  oxide,  is  closely 
packed  in  the  interior  of  the  cylinder,  around  the  open  end  of  the  manometer, 
and  the  whole  ap|)aratus  is  then  placed  in  water.  With  zinc  oxide  the  ma- 
nometer shows  a  i>ressurc  of  five  atmosi)heres ;  with  powdered  starch,  more 
than  six  atmospheres.  If  a  manometer  is  similarly  placed  in  a  block  of  diy 
chalk,  and  the  chalk  is  then  submerged,  a  pressure  of  three  to  four  atmos- 
pheres is  indicate*!  (Le90U8  ])rofessees  devant  la  Society  chimique.  Stance  du 
8  mars,  1861,  quoted  by  Deherain:  Cours  de  Chimie  Agricole,  1873,  p.  165). 

2  Ann.  des  Sc.  nat.,  ser.  6,  tome  vi.,  1878,  p.  236. 

•  As  might  be  expected,  woody  tissues  never  conduct  water  so  readily  in  a 
transverse  as  in  a  longitudinal  direction.  Experiments  with  regard  to  this  liave 
been  conducted  by  Wiesner  (Sitzungsb.  d.  Wien  Akad.,  Bd.  Ixxii.  1  Abth., 
1875)  upon  cubes  of  wood.    Four  sides  of  these  were  protected  by  varnish 
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siire  in  coDtigiious  cells.  ...  In  parenchymatous  tissues  flUed 
sap  the  movement  of  water  caused  by  evairorotioa  is  a  function 
of  tbe  elasticity  of  the  celi-n alls  and  of  atmospheric  pressure." 

Herbert  Spencer  bos  shown  that  when  a  cut  ateni  is  quickly 
bent  backwards  and  forwards  there  is  a  marked  iuci-ease  in  the, 
rapidity  with  which  colored  fluids  ascend  through  it.  "To' 
ascertain  the  amount  of  this  propulsive  action,  I  took  fram  thfl 
same  tree,  a  Lanrcj,  two  equal  shoots,  and,  placing  them  in  the 
same  dye,  subjected  them  to  conditions  tiiat  were  alike  iii  alt 
resifects  save  that  of  motion:  while  one  remained  at  rest,  the 
Other  was  bent  backwards  and  forwards,  now  by  switching  and 
now  by  straining  with  the  fingers.  After  the  lapse  of  an  hour 
I  found  that  tbe  dye  Imd  ascended  the  oscillating  shoot  three 
times  as  far  as  it  had  ascended  the  stationary  stioot,  this  re- 
sult being  an  average  from  several  trials.  Similar  trials  brought 
out  similar  cfleets  in  other  structures."  ' 

704.   EITect  upon  transfer  of  exposing  a  cut  BorBoce  to  the  air. 

One  of  the  moat  interesting  characteristics  of  the  woody  tissues 

in   relation  to  the  transfer  of  water  is  tbe  immediate  change 

which  the  cut  surface  of  a  stem  undergoes  upon  exposure  to  air, 

■  unfitting  it  for  its  full  conductive  work.     De  Vries'  has  shown 

'  lat  when  a  shoot  of  a  vigorous  plant,  for  instance  a  Uelianthus, 

■  bent  down  under  water,  care  being  taken  not  to  break  it  even 

1  the  slightest  degree,  a  clean  shaq)  cut  will  give  a  surface 

liich  will  retain  the  power  of  absorbing  water  for  a  long  time  ; 

jirbile  a  similar  shoot  cut  in  the  open  air,  even  if  the  end  is  in- 

uitly  plunged  under  water,  will  wither  much  sooner  than  the 

flrst.    Shoots  cut  in  tlie  manner  first  described  remain  tui-gcsccnt 

^Jbr  several  days.     If  a  cut  shoot  placed  in  water  has  begun  to 

iiuit  the  eiitritnce  nnJ  eiit  of  water,  and  one  of  the  two  aurfaeea  roiiiitining 
-eroii  WM9  plnced  in  water,  the  other  expoaed  to  air,  whan  the  tranafer  of 
throngh  tha  wood  wu  found  to  be  more  mpid  in  n  longitudiual  than  in 
tnnn'enK,  aud  hi  >  tudinl  than  in  a  tangential  direction. 

Anotti«r  mclliod  of  exporimenljng  was  also  employed  hj  him ;  five  liclca  oF 
cube  of  wood  were  aurroundL-d  by  soparated  portiona  of  dry  calcic  chloride, 
•nd  tbe  rpniuning  Me  waa  placeii  in  contact  with  wbIct  ;  the  difference  in 
nU  or  tnnsret  ascertained  \<j  comparing  the  weights  ot  the  portions  of  calcic 
ehloride  after  a  tiled  time  was  found  to  be  esaentially  tliat  given  by  tbe  other 
'-- ithod. 

Eiperimentt  by  Sachs  (Arbeiten  ilea  hotan.  Instiluta  in  Wiinbarg,  1879, 
ivhich  water  was  forced  in  different  directions  throagh  the  wood  of 
sterna,  ahowed,  howerer,  that  under  presaiire  wnter  paasea  through 
on  more  readily  in  a  tangeotial  than  in  a  radial  direction. 
'  Tmiiaaotions  of  Uunicnn  Socii-tv.  xxv.,  1SS6,  p.  40G. 
■  Arbeiten  dea  botan.  Inst,  in  Wiirzburg,  i.,  1S71,  p.  262. 
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wilt,  cutUng  off  the  stem  a  little  higher  up  will  cause  it  to  icgui 
in  part  the  power  of  absorption  which  it  loet  upon  exposure. 

705.  Although  osmosis  can  have  veiy  little  to  do  direcdj 
with  the  rapid  transfer  of  water  through  the  stem,  branches,  and 
leaves,  it  plays,  as  has  been  seen,  a  veiy  important  part  in  the 
introduction  of  water  into  the  pUnt,  and  in  supplying  the  reqni- 
site  amount  of  it  to  cells  which  lie,  so  to  qpeak,  away  finom  the 
main  channel  of  transfer. 

706.  Pressure  and  «  bleeiiag.''  If,  before  its  leaves  unfold, 
a  grape->dne  be  cut  off  near  the  root,  or  a  little  higher  up  on  the 
stem,  the  cut  surfaces  will  bleed  copiously.  The  part  connected 
with  the  roots  will  continue  to  yield  a  supply  of  watery  sap  for 
a  considerable  time.  The  flow  is  plainly  r^ulated  to  a  very 
great  degree  by  the  surroundings  of  the  plant,  being  accelerated 
by  heat  and  checked  bj*  cold.  It  is  not  merely  passive ;  the 
application  of  a  suitable  pressure-gauge  shows  that  the  escaping 
liquid  exerts  much  force. 

One  of  the  early  experiments  on  this  subject  was  made  by 
Halcs,^  who  found  the  pressure  in  the  case  of  the  grape-vine 
to  be  equal  to  thirty-eight  inches  (105  cm.)  of  mercury,  or  more 
than  fort3*-three  feet  of  water.  Other  experimenters  have 
reported  higher  figures;  for  example,  Clark'  found  in  Betula 
Icnta  a  pressure  of  eighty-five  feet  of  water. 

707.  Pitra'  has  shown  that  a  ceitain  amount  of  pressure  is 
exerted  b}'  sap,  even  in  stems  which  have  been  severed  from 
the  parcnt  plant,  the  lower  extremity  being  placed  in  water. 
Ill  some  of  his  experiments  he  found  that  it  was  not  exerted 
at  once,  but  only  after  the  lapse  of  a  considerable  time.  He 
ftirther  shows  that  a  considerable  pressure  is  exerted  by  the 
sap  which  flows  out  of  a  cut  stem  the  leaves  and  twigs  of  which 
arc  submerged. 

708.  Thei*e  are  considerable  individual  differences  in  plants 
as  to  the  force  with  which  the  sap  flows  from  wounds.  Wilson 
found  that  while  one  specimen  of  Ampelopsis  quinquefolia  gave 


1  Statical  Essays,  i.,  1731,  p.  114. 

«  The  apparatus  for  demonstrating  the  pressure  can  be  easily  used.  Reduced 
to  its  simplest  terms,  it  consists  of  a  mercurial  pressure-gauge,  which  can  be 
securely  attached  to  the  wounded  part  of  the  plant.  To  the  stump  of  the 
plant  the  gauge  must  be  fastened  by  means  of  stout  rubber  tubing,  which  has 
been  made  to  fit  tightly  around  both  plant  and  tube,  and  then  wired  firmly 
to  prevent  the  escape  of  any  liquid.  Dahlia  variabilis,  Vitis  vinifera,  and 
Helianthus  annuus  are  good  plants  for  purposes  of  demonstration. 

•  Pringsheim's  Jahrb.,  xi.,  1878,  p.  437. 
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no  pressure  for  the  root-system,  anotber  showed  a  pressure  of 
Iwenty  centimeters  of  mercury. 

709.  Bleeding  is  not  by  any  means  of  universal  occurrence  in 
wounded  plants.  Hurvatb  found  none  in  the  foUoiring  cases: 
Humulus  Lupidns,  Iledera  Helix,  Syringa  vulgaris,  and  Sam- 
bucns  nigra.  In  some  cases  there  appears  to  be  bleeding  only 
IVora  the  cut  root,  none  occurring  from  the  stem. 

710.  The  bleeding  from  a  plant  may  be  greatest  immediately 
tttter  the  wound  is  made,  or  it  may  in  a  few  cases  not  reach  a 
maximum  for  some  Lours  or  even  days,  after  which  it  gradually 
declines  until  it  ceases.  It  may  recommence  after  the  wound 
is  reopened.  According  to  Ilailig,'  bleeding  may  continue  ia 
some  cases  for  a  month. 

Til.  The  amount  of  sap  which  escapes  during  bleeding  is 
variable  even  in  the  same  specica.  The  following  cases  show 
lliat  the  loss  is  very  large :  — 


Ib^ 


.2.  Honneister  has  given  the  following  example,  to  show 
large  is  the  relative  amount  of  sap  which  can  How  tVom  cer- 
tain plants.  From  a  specimen  of  Urtica  urens  (stinging  nettle), 
whose  root-system  had  a  volume  of  1,450  cubic  centimeters, 
there  c8ca|>ed  in  2^  days  11,260  cubic  centimeters  of  sap. 

713.  The  pressure  at  the  cut  surface  of  a  plant  varies  widely 
in  any  given  case,  according  to  the  surroundings.  The  following 
details  of  an  experiment  by  Clark'  will  indicate  the  variations 
LD  pressure  noteii  during  a  comparatively  short  time. 

"  A  gauge  was  attached  to  a  sugar-maple  March  31st,  three 
days  after  the  maximum  flow  of  sap  for  this  species.  .  .  .  The 
mercury  [in  the  gauge]  was  subject  to  constant  and  singular 
oscillations,  standing  usually  in  the  morning  below  [its]  zero, 
BO  that  there  was  indicated  a  powerful  suction  into  the  tree, 
and  rising  rapidly  with  the  sun  until  the  force  indicated  was 
sufficient  to  sustain  a  column  of  water  many  feet  in  height. 
Thus  at  6  A.  H.,  April  21st,  there  was  a  suction  into  the  tree 
salHcicnt  to  raise  a  column  of  water  25.95  feet.  As  soon  as  the 
morning  sun  shone  upon  the  tree  the  mercury  suddenly  began 
to  rise,  so  that  at  8.15  a.  h.  the  pressure  outward  was  enough  to 


'  BotaQisebe  Zritung.  1862,  p.  8(1, 

*  Bopnrt  of  tliB  Secretory  of  the  Mnssocbusetta  Bonnl  of  Agriculluro 
1873,  p.  187. 
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sustain  a  column  of  water  18.47  feet  in  height,  a  change  repre- 
sented bv  more  than  44  feet  of  water." 

714.  The  pressure  of  the  sap  rises  and  falls  with  the  tempera- 
ture. The  greatest  pi-essure  in  ligneous  plants  is  found  when  a 
cold  night  is  followed  b}'  a  warm  morning.  This  has  been  ex- 
plained b}*  the  expansion  of  the  air  contained  in  the  wood-cells 
and  ducts.  Detmer  obser\'ed  the  greatest  outflow  of  sap  in  the 
case  of  the  herbaceous  plants  Begonia  and  Cucurbita  to  be  at  a 
tempei:ature  of  from  25°  to  27®  C,  and  that  the  outflow  ceased 
at  32°  for  Begonia,  at  43°  for  Cucurbita.* 

715.  Besides  tlic  variations  both  in  bleeding  and  in  pressure 
of  sap  due  to  external  influences  there  are  some  periodical 
changes  which  are  not  3'et  satisfactorily  explained.  Baranetzky. 
found  that  the  greatest  extravasation  of  sap  from  the  crown  of 
the  root  took  place  in  Ricinus  between  8  and  10  o'clock  a.  m.,  in 
Ilelianthus  annuus  between  12  m.  and  2  p.  m.,  and  in  Helianthus 
tuberosus  between  4  and  6  p.m.,  the  plants  being  under  essen- 
tially the  same  conditions. 

71G.  The  great  pressure  exerted  by  sap  under  certain  condi- 
tions is  thus  explained  b}*  Sachs.  From  the  root-hairs,  into 
which  the  water  comes  by  osmosis,  it  passes  by  osmosis  into  the 
parenchymatous  cells  of  the  cortex.  "  But  a  difficult}'  occurs  in 
answering  the  question  wh}'  the  turgesccnt  cortical  cells  of  the 
root  expel  their  water  only  inwards  into  the  woody  tissues,  and 
not  also  through  their  outer  walls.  "We  ma}',  however,  here 
be  helped  by  the  supposition  that  the  micellar  structure  of  the 
cell-walls  is  different  on  the  outer  and  inner  sides  of  the  cells, 
and  that  those  facing  the  exterior  of  the  root  are  best  adapted 
for  permitting  filtration  under  high  cndosmotic  pressure."  ^ 

Among  the  recorded  experiments  which  show  a  gi'cat  root- 
pressure  is  one  by  Clark,  described  by  him  thus  :  "  A  gauge  was 
attached  to  the  root  of  a  black  birch-tree  as  follows.  The  tree 
stood  in  moist  ground  at  the  foot  of  a  south  slope  of  a  ravine, 
in  such  a  situation  that  tlie  earth  around  it  was  shaded  by  the 


1  A  full  and  satisfactory  treatment  of  this  subject  in  detail  will  be  found  in 
tlie  following  w^orks  :  — 

Schroder  :  Beitrag  zur  Kcnntnissder  Friilijahrsjieriode  des  Ahom  (Pringsh. 
Jahrb.,  vii.,  1869).  In  this,  the  spring  phenomena  of  tbo  maple  are  clearly 
given. 

Baranetzky  :  Untersuchungen  IiIht  die  Perio<licitat  des  Blutens  (Abhandl. 
des  naturforscbende  Gesellscbaft  zu  Halle,  1873).  In  this  memoir  the 
experiments  cover  a  wide  range. 

a  Text-book  of  Botany,  2d  English  edition,  1882,  p.  688. 
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overbauging  bank  from  the  sun.  The  root  was  tlien  followed 
from  the  trunk  to  the  distance  often  feet,  where  it  was  carefully 
cut  off  one  foot  below  the  surface,  and  a  piece  removed  from 
between  tlie  cut  and  the  tree.  The  end  of  the  root  was  en- 
tirely detached  from  the  tree  and  lying  in  an  horizontal  poaition 
at  the  depth  of  one  foot  in  the  cold,  damp  earth,  unreached  by 
the  sunshine,  and  for  the  most  port  unaffected  by  the  tum|Kr- 
ature  of  the  atmosphere,  measured  about  one  inch  in  diameter. 
To  this  was  carefully  adjusted  a  mercurial  gauge  April  26th. 
The  pressure  at  once  became  evident,  and  rose  constantly  with 
very  slight  fluctuatioDs,  until  at  noon  on  the  30th  of  April  it  had 
attained  the  unequalled  height  of  85, SO  feet  of  water." ' 

71T.  rfeffcr"  attributes  the  tendency  of  water  to  pass  only 
inwards  into  the  woody  tissues  wholly  to  the  fact  that  upon  that 
side  of  the  cells  which  faces  the  interior  of  the  root  the  osmotio 
capacity  is  greater.  Within  the  plant  the  cell-walls  are  never 
s&tnrated  with  pure  water ;  but  the  imbibed  liquid  is  diffei-ent  on 
ditferent  sides,  and  hence  the  plasma  membrane  in  contact  with 
the  sides  must  have  different  capacities  for  osmosis. 

718.  In  midwinter  or  in  eai-liest  spring  some  of  the  tissues 
of  ligneous  plants  are  stored  to  a  large  extent  with  starch  and 
other  solid  products  manufactured  dunng  the  pi-evious  season. 
At  the  coming  of  waiTaer  weather  chemical  changes  take  place, 
largely  following  the  absorption  of  water,  by  which  these  solid 
substances  are  transformed  into  a  liquid  state,  occupy  a  greater 
space  than  before,  and  of  course  exert  much  greater  j>i~essure. 
The  saccharine  sap  of  the  maple  represents  that  which  dur- 
ing the  early  winter  existed  in  the  tissues  as  starchy  matter. 
This  conversion  of  material  will  be  further  discussed  under 
"  Metastasis." 

71i).  Exudation  of  water  from  nnlt^nred  parts  of  plants.  Un- 
der certain  circumstauees  water  can  exude  in  a  liquid  form  IVom 
uninjured  parts ;  for  instance,  through  clunks  or  rifts  in  the  leaf- 
tips  of  many  monocotjlcdonous  plants,  and  through  water-pores 
of  dicotyledons,  especially  when  these  are  young.  Muaset ' 
reports  eighty-five  drops  of  liquid  falling  in  one  minute  from 
the  tip  of  a  leaf  of  Colocaaia  eseulenta.  Duchartre'  gives  the 
following  figures;    Twenty-flve  drops  fell  in  one  minute  from 


*  Report  of  the  Secretary  of  Iho  Muss.  Board  of  Agricnltura  for  1873 

*  PfliuueDphysiologie,  i.,  I8S1,  p.  170. 

*  Comptei  Rendu9,  Ui.,  ISflfi,  p.  (IS3. 

*  Ann.  des  Sc.  uat.  bot.,  sir.  i,  lame  zii.,  pp.  217,  360. 


p.  189. 
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ihit  tip  of  a  h*af  of  Colocasia  antiqaorain,  and  22.6  grams  of 
llfjiiid  wctro  (?oll(;ct4!d  in  oue  night.  From  the  young  leaves  of 
(^*rtiiin  AroidH  water  is  sometimes  ejected  in  a  fine  jet  to  a 
dUtfiiM'it  of  a  f(*w  inclics.^  In  these  and  the  previous  cases  the 
li<|iii(|  oNitttpos  through  rifts. 

TRANSPIRATION. 

7*i().  T\w  «vn|M>rntlon  of  water  IVom  the  surface  of  the  3*ounger 
IHU'tM  of  pIfUitN  ox|K>sod  to  tho  air  makes,  as  has  now  been  seen, 
II  (MHitiniiiil  drmiglit  U|>on  tho  soui*ces  of  water-supply.  But 
\^hllt«  ovii|MiraU(>u  IVom  tho  free  surface  of  water  or  fVom  any 
ilt'iid  uioinbrnno  ivahoh  in  an  atmosphere  saturated  with  moisture, 
th««it«  U  mmii*  ox|H^riniontAl  evidence  to  show  that,  under  certain 
(HiuilltlouM  of  rttdiation,  ova|>oration  fW>m  the  living  plant  may 
luiiitluiit^  to  tiiko  platv  ovon  when  the  atmosphere  is  completely 
HiUiiiatod.  Thill  ditl\'ix'iuH>  U^twocn  evaporation  fW>m  a  free  sur- 
OitH«  mid  timt  thMU  A  plant*  altliough  not  AiUy  established,  ren- 
\\vvtt  It  advirtHhlo  to  oniploy  for  the  latter  phenomenon  the  term 
h\initf^u\ifio^.  This  t^^rm  is  sometimes  employed  in  Physics 
\^ith  Hhothor  iii>;nitli'aUon ;  Imt  its  prior  use  in  V^^table  Physi- 
oK4j>  Mh\mUI  pivvcnt  an>*  iXMiAisiou. 

7iM.  Sliiiiiiita«  Noithor  thr^mgh  the  cutinized  cell- walls  of 
tho  opi^loiunn^  lu^r  thixm^h  tlio  suln^nzod  coll- walls  of  cork, 
\au  tiau^piiAtion  Uko  |4avv  to  any  extent;*  but  at  myriads 
ol"  pv^im^  in  {\\\^  i^pivlonniH  of  loaves  ainl  young  stems  there  are 
luiuuio  x'Vitlvv.H  whivh  ivnuit  tho  air  tHit^s^ide  the  plant  to  come 
ihU«  vouunuuu';UK'n  \u(h  tho  air  wiihiiu  It  has  been  shown  in 
r.ui  \  \\\M  thv^M^  v^ivuinijs^  iho  stomata«  |m>s;$oss  definite  rela- 
tu>u;«  .^^  ivi^iiixU  ^sw.iixM)  u^  rlvo  intorvvllular  Slices  below  them, 


NL.i».\..*,;iy\;».  iV  »swi\'.-.i»^  :,»  *  '.v^r-.v^v  ri  y*orn!>;Jr.  rv  717),  coud  the 
•  •■  i.  o  .a  v\o  S.i^^»V\xi  'i^^f'i^^^.  .V  .>.4:  -.-Nt^e  vLii^  wii.-i  *r«  schiiwn^fd, 

Vu%,.v^.>    ,«.^    kvk^'.    ,^-\'.!.^h   S^-.'^     ,v:t;l\4 ■.-.*.'.>.•:    :c*LUltH   .    *^*J»:*    Cx^f    WTS*   )CTV»-:2< 

\v»  /.,   k.;  V. *\s.  *..;,..'..,»;  k  ,L'  ic.v.::   ■  «*"''».  ■.Ij^'iii:'!  ^o^cii  viiTirr  "nuise*  cc't 
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SO  that  they  may  be  fairly  regarded  ae  a  part  of  tlic  system  for 
aerating  the  plant. 

722.  By  reference  to  the  structure  of  the  more  common  kinds 
of  leaves  (see  Chapter  III.),  it  will  be  seen  that  the  terminfttioiis 
of  the  delicate  fibrils  of  the  tVamewoik  approach  rery  closely 
to  the  aeriferous  spaces,  and  thus  by  the  uninterrupted  cora- 
muoicalion  between  the  minute  fibrils  iii  the  root-system,  the 
8tem-sj'3tem,  and  the  loaf-system  of  the  plant,  water  which  has 
been  absorbed  by  the  roots  is  brought  finally  to  the  parenchjniia 
cells  which  surround  the  spaces  under  the  stomala.  If  it 
evaporates  from  the  outer  side  of  the  wall  of  these  celts  into 
the  intercellular  spaces,  the  water  may  make  its  eseajK  through 
the  stomata. 

723.  Stomata  are  not  mere  epidermal  rifts  having  an  aper- 
ture of  unvarying  width.  The  guardian  cells  of  a  stoma  are  so 
arranged  with  respect  to  each  other  and  the  proper  epidermal 
cells  contiguous  to  tbem,  that  the  width  of  tlic  opening  between 
them  can  be  increased  or  diminished  upon  certain  changes  in 
the  surrounding  conditions. 

724.  Mechanhtm  of  Stomata,  In  examining  the  mechanism  of 
stomata  it  is  necessary  to  distinguish  between  their  three  parts 
which  are  shown  in  a  vertical  section;  uamcly,  (1)  the  anterior 
groove,  (2)  the  cleft,  and  (3)  the  posterior  groove,  which  is 
usually  continuous  wiUi  an  intercellular  space.  It  is  plain  that  a 
stoma  is  moat  widely  open  when  the  edges  of  the  cleft  are  farthest 
apart  and  tlio  rim  of  the  cup  not  closed.  Hence  an  inspection 
of  the  anterior  face  of  a  stoma  is  not  sufUcient  to  show  whether 
the  stoma  is  most  widely  open ;  the  widtli  of  the  cleft  itself  must 
be  ascertained. 

725.  In  distinction  from  proper  epidermal  ceils,  the  guardian 
cells  contain  ehlorophyll,  and  hence  under  the  influence  of  light 
can  produce  carbohydrates  (see  "Assimilation").  As  miglit  be 
exjHfcted,  the  osmotjc  tension  is  different  in  these  two  groups 
of  cells. 

726.  The  following  account,  condensed  (Vom  Strasburger, 
shows  the  relations  which  the  guardian  cells  sustain  to  those 
around  the  stoma  as  regai-ds  the  tliickness  of  the  walls.  The 
guardian  cells  are  strongly  thickened  on  the  upper  and  under 
angles  of  the  walls  of  their  opposed  faces,  while  elsewhere  their 
walla  are  relatively  thin.  At  the  cleft  tliere  are  op|)osing 
projections  forming  its  edges.  The  opening  and  closing  of  n 
stoma  depend  upon  the  difference  in  the  thickness  of  the  parts 
of  the  walls.     When   tlie   turgcscence  of  the  guardian  cells 
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increases,  they  curve  more  strongly,  and  the  cleft  widens ;  but 
when  their  turgescence  diminishes,  the  cleft  becomes  straighter 
and  narrower,  it  being  clear  that  with  increasing  turgescence 
the  guardian  cells  must  become  more  convex  on  the  side  of 
least  resistance,  and  more  concave  upon  the  side  of  greatest 
resistance. 

727.  Relatioiis  of  stomata  to  external  influences.  In  a  classical 
series  of  experiments  upon  the  relations  of  stomata  to  their  sur- 
roundings, Mohl  ^  has  sliown  that  when  the  uninjured  leaves  of 
certain  orchids,  lilies,  etc.,  are  wet  with  water,  the  clefts  of  the 
stomata  open ;  but  these  plants  fonn  exceptions  to  the  general 
rule,  for  it  was  found  that  in  the  greater  number  of  cases  studied 
the  clefb  closes  when  the  stoma  is  brought  in  contact  with  water. 
In  Amaryllis  and  the  grasses,  this  closing  takes  place  with  great 
rapidity. 

728.  When  a  thin  film  of  epidermis  with  its  stomata  is  de- 
tached, and  examined  under  the  microscope,  the  behavior  is  the 
reverse  of  that  above.  In  a  detached  film  the  guardian  cells  of 
the  stoma  are  partially  freed  from  the  action  of  the  contiguous 
proper  epidermal  cells,  and  as  a  result  the  cleft  widens  when 
water  is  applied,  the  turgescence  being  increased ;  but  if  a  solu- 
tion of  sugar  in  water  is  employed,  the  cleft  grows  narrower, 
since  the  turgescence  of  the  cells  is  at  once  diminished  hy 
osmosis. 

According  to  Mohl,  in  a  wilted  leaf  the  clefts  of  the  stomata 
arc  partially  or  wholly'  closed,  but  the  application  of  water  causes 
them  to  open.     If  kept  wet,  they  soon  close  again. 

729.  The  cleft  of  a  stoma  opens  more  widely  in  the  light 
than  in  darkness ;  thus  leaves  of  Lilium  which  have  been  kept 
in  the  dark  in  a  saturated  atmosphere  for  some  da^'s  have  the 
stomata  closed,  and  when  wet  the  cleft  opens  only  slightly. 
Upon  exposure  to  sunlight,  the  cleft  gradually'  opens. 

730.  According  to  Van  Tieghcm,^  stomata  are  always  open 
in  sunlight  and  closed  in  darkness.  In  order  to  cause  open 
stomata  to  close,  it  is  merely'  necessary  to  suddenly  change  the 
amount  of  light.  This  closing  of  the  stomata  takes  place  in  half 
an  hour  when  a  bright  light  is  replaced  by  diffused  light 

It  has  been  found  that  heat  has  no  marked  effect  upon  the 
opening  and  closing  of  stomata ;  thus  when  a  plant  is  kept  in 
darkness  at  a  temperature  of  from  15°  to  17°  C,  they  are  closed. 


1  Botanisclie  Zeitung,  1856. 

3  Traite  de  Botanique,  1884,  p.  636. 
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and  nill  not  opon  when  the  plant,  still  kept  in  darkness,  is 
subjected  to  a  higher  temperature,  say  from  27°  to  3(1°  C, 

731.  From  tbe  furcgoiug,  it  ap|>car3  (1)  that  stomata  are 
delicately  balanced  valves,  which  are  exceedingly  sensitive  to 
estL-mal  infinences;  (2)  that  in  wilted  leaves  thej-  are  partially 
closed  :  (3)  that  in  most  eases,  on  the  application  of  liquid 
water,  stomata  which  are  open  close  ;  (4)  tbat  strong  light  causes 

mata  to  open  widely :  (3)  that  a  stiddcn  shock  causes  them  to 


^732.    AmoDut  of  water  given  off  In  transplratlou.'      This  is 
'rmined  chiefly  by  the  balance, 
[n  the  oft-cited  expeiimcnt  of  Hales,^  in  1724,  the  amount 


'  The  earliest  experiments  upon  this  sutiject  npjtnr  to  have  been  those  by 
Voodminl  in  1S99  (Pliiliuophical  TraasKtionii).  They  werr  mule  rroni  July 
to  Octoher,  and  gnva  the  follovriDg  results  <brre  tedaced  for  ci 
gronu)  :  — 


Hum  or  plant  *Drl  klml  or 
«mt.r  furplshe.1. 

Pint  weight  or 
ttie  tlulit. 

Final  weight  of 
the  planl. 

J. 

terovaponiteiL 

Mint  lonln  water   .    .    . 
Mini  til  ■[•rtoR  water     .    . 
Mint  In  Thame*  water.    . 

tN>.ln.prln|[waUr.    .    . 

i"t3 

0.21 

2.BS 
3W 
3.U 

191.3 

ta3.s 
leo". 

Woodward'*  most  iotereating  olwerrations  rpkta  to  the  mtio  of  growth  to    i 
ilinn  when  piFints  are  cultivated  in  different  kinJa  of  wnter.      Thaa 
mint  was  grown  in  water  mijeJ  with  ijanlen  earth,  tlie  ratio  of  growth    ' 
to  CTaporatiou  wiul:S2;  but  when  it  wu  grown  in  distilled  water,  l:31i. 

Jaly  8,  172*,  in  order  to  find  out  the  quantity  imbibMl  and  penpired    . 
hy  Ab  Sun-Flower,  1  took  a  j(arden-pot  with  n  la^je  Siin-Ftauvr.  8  feet  +  ) 
which  WHS  purposely  planted  iu  it  when  young  ;  it  woa  of  the  la 
iB«l  kind. 

I  coToreil  the  pot  with  a  plate  of  thin  mille.l  lead,  and  eemented  all  Ihe 
Its  fast,  so  ss  no  vnpour  could  pass,  but  only  air,  thro'  a  amull  glass  tuba 
inches  long,  which  was  fixed  purposely  nrar  the  "ti'm  of  the  plant. 
tnalie  n  free  oommunieation  with  the  outward  air,  and  that  nnder  the  leaden 
phits. 

"  I  cemented  also  another  short  gliisa  tube  into  the  plate,  tn-o  inches  long 
and  one  inch  in  dinmcter.  Thro'  Ihis  tnV  I  watered  the  j.lnnt,  and  then 
stopped  it  up  with  a  cork  ;  I  stopped  Up  also  the  holes  at  the  bottom  of  tha 
pot  with  corks. 

"1  weighed  this  pot  and  plant  morning  and  evening,  for  fifteen  several  days, 
from  Jnly  3.  to  Aug.  8.  after  which  I  cut  off  the  plant  close  to  the  leaden    ' 
platf,  and  then  covered  the  stump  well  with  cement ;  and  upon  weighing 
found  there  perspired  thro'  the  unglaicd  poroua  pot  two  ounixH  every  twelva 
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ue  has  ilcviscd  an  automatic  apparatus*  by  wlik-h 
the  disturbance  of  the  equilibrium  of  the  balance  as  the  water 
evaporates  can  be  recorded  upon  a  rcioUing  drum.  In  this 
apparatus,  as  soon  as  the  needle  records  ttie  moment  of  descent 
of  the  beam,  an  electrical  current  releases  a  valve  so  as  to  per- 
mit tlic  passage  of  a  sulllcient  quantit}-  of  mercury  to  the  losing 
side  of  ttie  balance  to  restore  the  equilibrium. 

734.  The  registering  appaiatus  of  Krutizky"  is  simple,  but 
unfortunately  can  be  used  only  witli 
cut  stems  or  branches.  It  consists 
of  a.  U'tube  filled  with  water,  in  one 
end  of  which  a  leaf  or  stem  {cut  off 
under  water)  is  in9ert«d,  tltrough  a 
tightly  fitting  cork.  Through  a  cork 
in  the  other  end  extends  the  shoi-t 
leg  of  a  siphon.  In  a  Jar  of  water 
there  floats  a  tulje  balanced  to  keep 
it  erect.  Tliis  is  somewhat  like  an 
hydrometer  (but  open  at  the  top), 
and  contains  a  certain  amount  of 
water  into  which  comes  the  long  leg 
of  the  siphon.  When  by  evapora- 
tion from  the  plant  water  is  drawn 
up  through  the  siphon  out  of  the  | 
floating  tube,  the  tube  (called  a  . 
"swimmer")  of  course  becomes 
lighter  and  rises  in  the  jar.     If  an 

index  is  attached  to  the  swimmer,  as  in  the  figure,  it  can  be  used 
to  record  upon  a  revolving  drum  the  rise  of  the  swimmer  as  the 
plant  transpires.  To  prevent  evaporation  from  the  water  in  the 
jar  and  in  the  swimmer,  its  surface  is  covered  by  a  Dim  of  oil.* 

735.  When  a  transpiring  plant  is  placed  under  a  bell-jar,  a 
certain  amount  of  the  transpired  water  will  collect  upon  the 
inside  of  the  jar,  —  often  a  suffltient  quantity  to  appear  as  lai'ge 
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mfl  For  ft  fall  scconnt  of  it 
..  1878,  p.  18S. 
3  BoWniseha  Zeitnng,  1878,  p.  161. 
'  A  simpler  pipoo  of  apiiaratus  umingeil  by  Pfefler  ttnawers  well  for  cl 

Crli^aiotmtinti.  It  is  easily  underatnod  rram  Fin;.  ^*f-  The  fall  of  wntej 
teral  tnbe  is  very  mnrke<l,  hnt  attpntion  slionlil  be  called  to 
isiiro  caaseil  by  the  conatanlly  changing  leTel  of  the  w»t«r  in 
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inentioned,  and  is  of  easy  application.  Two  fuliulatctl  bell-jars, 
each  fiirnishedwilh  a  mcrtiHi-y  trap  (wand  m'),  arc  sct-urcd  firmly 
witli  soft  wax  to  opposite  sides  of  any  lai^c  leaf.  In  eacli  bell- 
jar  is  a  sniall  capsule  (c  and  o')  containing  dry  calcic  chloride  of 
known  weight.  After  a  given  time  the  salt  placed  in  each  bell- 
jar  is  weighed,  and  UiQ  excess  over  its  original  weight  shows  the  ' 
amount  of  water  transpired.  The  following  are  some  of  Gar-' 
rcan's  results ;  — 

(!)  The  quantity  of  water  exhaled  by  the  upper  face  of  a 
leaf  is  to  that  exhaled  by  the  lower  oa  1:1,  1:3,  or  some- 
tJuies  as  1 :  o. 

(2)  There  are  mnrlted  but  not  exact  relations  between  the 
quantity  of  water  exhaled  and  the  number  of  stomata.' 

738.  Truisplratlon  compared  with  eTaporatlon  proper.  The 
evaporation  from  a  given  Burfacc  of  water  is  between  three  and 
six  times  as  great  as  that  (Vom  an  equal  surface  of  green  leaves 
under  similar  conditions  of  exposure.  Unger'  found  tliat  leaves 
of  Digitalis  purpurea  having  a  surface  of  five  thousand  sqnare 
millitncters  transpired  from  3.232  to  1.232  grams  in  a  given 
time  ;  while  from  an  equal  surface  of  water  from  4.532  to  8.4i»9 
grams  evaporated.  Sachs'  found  that  from  a  surface  of  sun- 
flower stem  and  leaf  measuring  4,920  centimeters  there  trans- 
pired enough  water  to  form  a  layer  2.23  mm.  thick  over  the 
same  surface  ;  while  from  an  equal  surface  of  water  enough  evapo- 
rated to  lower  the  level  .5.3  mm. 

Sachs  also  found  that  the  evaporation  from  an  animal  mem- 
brane is  greater  than  that  from  an  equal  surface  of  free  water. 
■\Vhen  a  surface  of  water  is  covered  by  a  moist  layer  of  vegetable 
parchment,  evaporation  is  somewhat  retarded  ;*  but  even  then  it 
is  greater  than  that  from  an  equal  surface  of  leaves. 

But  the  area  of  a  leaf  does  not  express  its  evaporating  snr- 
Tuj.e,  since  the  latter  consists  of  intercellular  spaces  which  have 
been  estimated  to  bear  the  ratio  of  ten  to  one  to  the  cuticularized 
exterior.  In  the  intercellular  spaces  the  air  is  saturated  with 
moisture,  hence  the  slowness  of  the  rate  of  transpiration. 

739.  Effect  of  molstnre  in  the  air  npon  transpiration.  All  ex- 
periments show  that  with  increase  in  the  amount  of  aqueous 
vaiwr  contained  in  the  air  the  amount  of  water  transpired  from 

1  Ann.  <lro.  Rr.  nnt,  »(i.  3,  tonio  xiii.,  1S19,  p.  321.  Boanet'i  taxiy  ax. 
periments  are  inti^rcsting. 

*  Sitznngsh.  il.  Wiener  Abad.,  Bd.  xlir.,  Ablh.  2,  18(11,  p.  206. 

*  HuiJtnich  dor  Experimental- physiolngie,  18S5,  p,  131. 

*  Bannetiky :  Bottniiche  Zcitung,  1872,  p.  06. 
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a  plant  exposed  to  it  diminishes.^  When  the  air  is  completely 
saturated,  a  slight  amount  of  transpiration  can  take  place,' 
which,  as  Sachs  has  pointed  out,*  is  probably  due  to  the  fact 
that  the  temperature  of  the  plant  is  higher  than  that  of  the 
surrounding  air. 

740.  Instructive  experiments  upon  the  exhalation  of  moisture 
by  some  of  the  more  common  desert  plants  in  the  dry  air  of  the 
Western  plains  have  been  made  by  Sereno  Watson,*  from  which 
it  appears  that  in  about  four  hours  young  shoots  furnished  with 
about  fifty  per  cent  of  leaves  lost,  when  severed  from  the  stem, 
water  amounting  to  nearly  half  their  weight 

741.  Effect  of  the  soU  upon  transpiration.  The  physical  prop- 
erties of  the  soil  have  an  influence  upon  transpiration.  Sachs* 
cultivated  plants  of  tobacco  in  clay  and  in  sandy  soil,  and  ob- 
served the  amount  of  water  transpired  by  them  under  like  con- 
ditions. Although  his  experiments  are  not  conclusive,  they 
indicate  that  transpiration  is  more  uniform  from  the  foliage 
of  the  plants  grown  in  clay  than  from  the  plants  grown  in 
sand ;  the  former  soil  is  much  more  retentive  of  moisture,  and 
thus  the  supply  of  hygroscopic  water  is  given  up  more  gradually 
to  the  roots  of  the  plant. 

The  chemical  properties  of  soils  affect  transpiration  to  a  cer- 
tain extent.  Senebicr,  in  1800,  stated  that  acids  increase  the 
rate  of  transpiration,  and  ho  ascribed  the  same  effect  also  to 


^  The  relations  between  humidity  of  the  air  and  transpiration  are  shown 
by  the  results  obtained  by  Unger  with  two  plants  of  Ricinus,  one  of  which 
was  in  the  open  air,  the  other  under  a  bell-jar.  (The  leaf  surface  of  one  plant 
was  190,  and  that  of  the  other  160  square  centimeters  ;  but  in  the  table  a  cor- 
rection has  been  made  so  that  equal  surfaces  are  compared). 


Duration  of  the  Experiment. 

Loss  of  water, 
oi>en  air. 

Lo«8  of  water, 
bell-jar. 

Temperature  of 
the  air  in  C=*. 

July  19  to  20 

"    20  to  21 

"    21  to  22 

Total 

11.60  cc. 
17.05  •• 
16.77   " 

1.60  cc. 
1.14  " 
1.55  " 

16. 

13.6 

15.4 

45.42  cc. 

4.35  CC. 

The  total  losses  bear  a  ratio  of  10.44  :  1. 

2  Handbuch  der   Experimental-physiologic,    1865,  p.  227.      Deh^rain  in 
Com])tes  Rend  us,  Ixix.  p.  381. 

8  Sitzungsber.  d.  Wiener  Akad.,  Bd.  xxvi.,  1857,  p.  326. 

*  Report  of  the  Geological  Exploration  of  the  Fortieth  Parallel,  Botany 

(1871).  p.  1. 

*  Versuchs-Stationen,  1859,  p.  232. 
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billies.  But  aa  Sacha'  showed  in  1859,  even  a  very  little  free  ] 
did  in  water  hastens,  while  an  alkali  retards,  transpiration. 
Bnrgerstein'  in  a  long  series  of  experiments  showed  that  ] 
fbile  a  single  salt  added  to  water  in  less  amount  than  .5  per  I 
tut  hastens  transpiration,  any  per  cent  above  this  produces  a  | 
u-ked  retardation.  When  a  solution  of  nutrient  ealta  is  used, 
rcn  if  its  concentration  ia  as  low  as  ,05  of  solid  matter,  there  I 
n  retardation,  and  this  is  greater  when  the  solution  is  more  j 
concentrated. 

In  the  experiments,  tlio  results  of  which  are  given  below, 
four  plants  of  Indian  corn  were  employed.    The  temperature 
varied   between   1(5.7°,   and   18°  C,  and  the  observ-ations  con- 
tinued through  one  hundred   and  three  hours.      The  amounts 
^^^^  transpired  are  given  in  percentages  of  the  weight  of  the  fresh    ^^ 

^^^M  Nntrient  aolntion 247.i                  ^^M 

^^^m  DiBtilled  vaKi ^^M 

^^^B  PotBisic  uitratu 283.2                  ^H 

^^^H  AmiSDiiic  tutrnte ^H 

^^^  742.  Temperature  and  transpiration.  Rise  of  temperature  in-  ^^ 
creases  the  rate  of  transpiration  not  only  by  affeeting  evaporation 
in  general,  but  indirectly  also  by  augmenting  the  absorption  of 
water  and  heightening  the  turgesccnce  of  the  cells.  Burger-  ^^ 
stein  shows  that  leaff  twigs  of  yew  can  transpire  even  at  a  ^^H 
t^mpcrattire  of  — 10.7°  C,  while  the  leafless  shoots  of  horse-  ^^M 
cltestnut  are  said  by  Wtesner  to  transpire  at  — 13°  C-'  ^^| 

Sudden  changes  of  temperature  greatly  influence  transpiration, 
since  the  "atmosphere  and  the  plant  cannot  follow  the  course 
of  temperature  with  equal  rapidity,   and  a  rareflcation  of  tho 

I  air  saturated  with   moisture   within   the  plant  must  favor  its   ^^h 

release."*  ^^M 

743.    Effect  of  light  npon  transpirutten.     Transpiration  goes  on   ^^M 
more  rapidly  in  light  than  in  darkness,  even  when  the  tempera-    ^^ 
ture  in  darkness  is  somewhat  higher.     But  differences  in  the 
intensity  of  diB\iscd  light  do  not  produce  verj'  marked  differences 
in  the  amount  of  transpiration.     When,  however,  diffused  light  ' 

1  Tenachs-StBtioDen,  L,  1S59,  p.  S23.  ^^M 

Eachs  met  n-ith  gome  anomaliea  in  hit  cipcrireiFnta,  in  oup  case  finiliaga  ^^H 
itinvble  rctnT^tion  af  transpiration  upon  Ok  odiUtlon  of  nn  Kti.  .   ^^H 

*  Sitmngab.  d.  Wienfr  Akacl..  UTS  and  187S.  ^H 

*  Quoted  bv  Pteffpr:  P(]anzeniih;3ia1ogii>.  !.,  1881,  p.  US.  ^^H 

*  PteSar:  Pfiinzenphyaiolagie,  L,  isai,  ^  US.  ^^| 
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is  replaced  by  direct  sunlight,  the  increase  in  transpiration  is 
striking.^ 

744.  Effects  of  different  rajs  upon  transpiration.  Wiesner's 
conclusions,^  based  on  a  stud}*  of  transpiration  in  different  rays 
of  tiie  spectinim,  are  as  follows :  (1)  the  presence  of  chlorophyll 
appreciably  increases  the  action  of  light  upon  ti*anspiration ; 
(2)  it  is  the  rays  corresponding  to  the  absorption-bands  of 
chlorophyll,  and  not  the  most  luminous  rajs,  which  cause  trans- 
piration ;  (3)  rays  which  have  passed  through  a  solution  of 
chlorophyll  have  only  a  feeble  effect  upon  the  process;  (4)  the 
non-luminous  heat-raj's  act  as  do  the  luminous  rajs,  but  in  a 
less  marked  manner,  the  ultra-violet  chemical  rays  have  sub- 
stantially no  effect ;  (5)  whatever  the  raj's  are,  they  always  act 
by  elevating  the  temperature  of  the  tissues. 

745.  Effect  of  shock  upon  transpiration.*  According  to  Bara- 
netzky,^  shaking  a  plant  for  a  short  time  increases  transpiration 


1  As  shown  by  the  following  experiments  by  Wicsner  :  — 


Name  of  plant. 

In  darkness. 

In  diflbfied  day- 
llgiit. 

In  sunlight. 

Zea  Mais,  etiolated     .    .    . 

Zea  Mais,  green 

Spartium  Jnnceiim  (flowen) 
Malva  arborea  ( flowers ) .    . 

106  mg. 
97  " 
M  ♦• 
23  " 

112  mg. 
114  •* 

B9  '« 

28  " 

290  mg. 
786  " 
174  " 
70  *• 

The  amounts  of  water  are  calculated  for  a  surface  of  100  square  centimeters, 
and  for  one  hour.  But  it  is  not  perfectly  clear  to  what  the  8i)ecial  action  of 
light  can  be  due.  The  increased  size  of  the  cleft  of  stomata  under  liglit  cannot 
account  for  all  cases  ;  for  acconling  to  Wiesner  young  maize  plants,  in  which 
the  transpiration  is  large,  have  their  stomata  closed. 

2  Annales  des  Sc.  nat.,  r6t  6,  tome  iv.,  1877,  in  which  may  be  found  also  a 
note  upon  the  same  subject  by  Deherain. 

'  Sec  also  Herbert  Spencer  s  Exixjriments,  on  page  263. 

*  Botanis^rhe  Zeitung,  1872,  p.  89. 

The  following  example  will  show  the  results  of  Baranetzky's  experiment 
upon  a  leafy  stem  of  Inula  Helenium. 


Time  (morning) 

SUte  of  plant. 

Transpiration 
in  grams. 

Air 
temperature  C°. 

Atmonplicric 
muistnre. 

7.40 

quiet. 

^Kmm 

^^ 

— 

8.10 

(( 

.50 

22.1 

76  per  cent. 

8.40 

Fhaken. 

.52 

222 

76       " 

9.10 

quiet. 

.08 

22.4 

76       " 

0.40 

«« 

47 

22.5 

76       " 

10.10 

<( 

.55 

22.7 

77        " 

10.40 

<( 

.64 

22.9 

76 

11.10 

shaken. 

.59 

231 

76        " 

11.40 

quiet. 

.45 

23.3 

75 

12.10 

It 

.52 

234 

76        " 
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|p|)nK;iably ;  if  the  plant  is  then  kept  at  rest,  the  rat 
hat  previous  to  the  shaking,  ader  which  it  gtad 
I  normal  point.  Eveu  a  sliarp  single  shock  is  ? nougli  to 
ice  some  eU'ect  npoD  transpiration,  l)ut  the  shaking  must 
Que  at  least  a  second  in  oi-dcr  to  change  the  rate  very  much. 
If,  boRvvcr,  the  shaking  is  long  oontiniicd,  or  short  sliakingt 
e  often  repeated,  there  is  a  noticeable  diminution  in  the  rate. 
Baranetzky  attributes  the  heightening  of  tlie  rate  by  a  sudden 
shock  to  the  correspondingly  sudden  compression  of  the  inter* 
cellular  spaces  and  the  consequent  renewal  of  the  air  therein 
intitined;  while  the  diminished  rate  which  follows  continued 
itiaking  is  due  to  a  partial  closing  of  the  stomata  (see  also 
181). 

74G.  BrUtlon  of  age  of  Unrea  (o  trauspiratlDn.  According  to 
DeMrein  *  and  Hiihnel,"  j'oniig  leaves  exiiale  more  water  timn 
(Mer  leaves.  Kxperimeuts  were  made  by  the  former  upon  the 
upper,  middle,  and  lower  leaves  of  rye.  From  the  newly  devel- 
oped leaves  more  water  was  exhaled  than  from  the  middle,  and 
more  from  the  latt«r  than  from  those  farther  down  the  stem. 
Sachs'  states  tbat  young  leaves  exhale  less  than  those  which 
!  fully  developed,  but  that  there  is  some  diminution  in  the 
e  of  old  leaves. 

Under  external  conditions  which  are  as  nearly  uniform  aa 
1  be  secured  there  are  variations  in  the  rate  of  transpiration 
not  yet  understood  ;  those  are  generally  referred  to  variations  ia 
the  tension  of  tissues  (see  1025). 

74S.  Relation  of  transpiration  to  absorption.  It  is  plain  tbat 
ranspiration  fiom  leaves  is  the  chief  cause  of  absorption  by 
!  roots ;  but  it  has  been  shown  by  Vesque  •  tbat  these  two 
motions  arc  not  necessarily  proportional.  Accordtug  to  him 
t  is  only  when  a  plant  is  subjected  to  uniform  conditions  of 
dinUscd  light,  and  a  moderate  amount  of  moisture  in  the  air, 
that  they  are  about  equal.  In  a  very  dry  air,  transpbation  in 
i  of  most  plants  far  exceeds  absorption  until  wilting 
moa  on.  When,  on  the  other  hand,  a  plant  is  withdrawn  (Vom 
b  moderately  moist  air  and  placed  in  an  atmosphei-e  saturated 
lith  moisture,  absor|)tion  goes  on  for  a  time  more  rapidly  than 
nnspiration,  but  both  become  soon  arrested, 
t  The  dependence  of  the  rate  of  absorption  upon  temperatun 

>  C'our»  de  Chimie  Agricole,  1873,  p.  178. 

*  FoTwhungi-n  nurd.  Oeb.  d.  Agrikulturphynk,  1878. 
■  Hiodbncb  iler  Expnimcntsl-phyBiologie,  \86S.  p.  7Sa. 

*  Autialea  des  Sc  oat,  tit.  t,  tome  vi.,  1678,  jl  332. 
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h&B  becD  showD  by  manj-  investigators,  notably  by  Sachs,'  who* 
found   that  well-rooted   and    I'ulMeaved    plants    of  gourd   and 
tobacco  wilted  when  the  temperature  of  the  air  and  soil  ranged 
from  3.^°  to  5"  C,  although  the  ground  was  plentifully  anjtplied 
with  water.    When  the  temperature  of  the  soil  became  bigher.J 
the  leaves  became  again  turgcecent. 

Another  cauae  which  may  disturb  the  relation  between  abeorp-V 
tion  and  transpiration  is  found  in  the  diminished  conductivity  of  J 
woody  tissue  at  low  temperatures.* 

74U.  Checks  upon  trassplratlon.  Among  tJie  more  obvious  adajh  J 
tations  of  plants  to  dry  climates  are:   (I)  ivdnction  of  foliage  te  J 
ft  minimum,  as  in  the  case  of  condensed  stems  (see  Vol.  I.  p.  Gi)^ 
(2)  a  coriaceous  or  even  denser  texture  of  leaves  or  of  branclio 
resembling  leaves,  such  as  phyllocladia  (\'ol.  I.  p.  G5) ;  (3)  \ 
tically  placed  leaves  or  their  analogues,  pb^llodia,  in  nianj'  ifV 
sot  most  of  which  the  structui-e  of  tlie  parenchyma  and  of  the  T 
epidermis  with  its  stomata  is  the  same  on  both  sides ;  hence  ' 
the  sides  have  substantially  the  same  exposure  to  air,  and,  in 
the  compass  leaves,  to  light  as  well  (see  448).     Another  adap- 
tation has  been  pointed  out  by  Pfit^er*  and  by  Westermaier ; ' 
namely,  the  possession  of  an  epidermal  or  subepidermal  "water 
tisane,"  or  "  water-atoring  tissue"  (see  20D). 

leaves  p.x)vided  with  water- storing  tissue  show  the  eScct  of  1 
drought  first  in  the  partial  collapse  of  these  cells,  their  radial  j 
walU  becoming  somewhat  undulate,  while  the  assimilating  ceUi 
remain  full  and  unchanged  in  form.     These  water-storing  cellsl 
lose  comparatively  little  water  by  transpiration  ;  the  wat«r  whidl'^ 
they  contain  is  given  up  as  required  to  the  assimilating  paren- 
chyma.    When  a  fresh   supply  of  water  is  afforded   to  the 
collapsed  water-storing  tissue,   the  recovery  of  turgcsccnce  is 
immediate.     Examples  are  found  in  the  following  among  many 
other  plants :  Feperomia,  Trudescantia  discolor,  Ficus  elastica. 

In  numerous  succulents  the  vacuoles  of  the  a,gsimilating  cella 
frequently  contain  a  thin  mucus,  from  which  water  evaporates 
only  slowly,  and  this  is  believed  to  play  an  imirorlant  part  iaM 
the  storage  of  wat«r.' 


s  Wurzeldnickes,  1877,  p.  3S,  quoted  b;  Pf«ff(rJ| 


^  Botoniscbe  Zeitung,  18 

*  B«itnig«  zur  Theorie  d 
Pflanxenphysiologie. 

*  UBberJiemehradiichtigBEpidermia,  Pringsbeim'a  .I»hrli.,viii.,  1872,  p.  IC 

*  Ueber  Bau  iiod  Ftitiction  dea  pflunziicbpii  Hnutgcwebesjsteiiis,  tbid., 

*  rU"*''   "'licli  tre  peculierly  adnpled   to   dry  plimston  ire   termed  1 
De  0*  •^Uaiu.     Aiiiong  tbem  are  found  niui;  Comiiositte,  o 
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750.  The  chief  effefte  ot  traiuplratlvn  upon  Ihe  plant  are: 
(1)  the  transfi-T  of  dilute  Bolutions  of  mineral  luattors  to  the 
cellB  where  aBsimilation,  or  the  production  of  organic  matter, 
takes  place;  (2)  the  concentration  of  these  dilute  solutions  by 
evaporation.  Tlic  extent  to  which  such  concentration  roust 
take  place  can  be  easily  inferred  from  the  large  amounts  of 
water  which  are  exhaled  from  some  common  plants  under  ordi- 
nary conditions  of  culture.  Acconiing  to  Haberlandt,'  the  total 
Hmount  of  water  exhaled  from  a  plant  of  Indian  com  during 
173  days  of  growth  was  14  kilograms;  of  hemp  during  140  days. 
27  kilograms  ;  and  of  sunfiower  during  the  same  period,  GG  kilo- 
grams, [liihncl  ^  estimates  the  amount  of  aqueous  vapor  given 
off  between  June  1st  and  December  Ist,  by  a  hectar  of  beech 
forest  (the  trees  averaging  rather  more  than  one  hundred  years 
in  age),  to  be  between  2,400.000  and  3,500,000  kilograms. 
That  the  leaves  in  antunm  contain  more  ash  constituents  than 
in  spring,  appears  fiom  numerous  analyses,  of  which  a  few 
are  here  given  from  Storer's  compilation. 


K«».rfFU„. 

Time. 

Coi'lltlnn  of 
DrynoA. 

\yj;^i;^       An«iy.t. 

Oftk 

Mnlbcn^  '. 
BoNh  .    '.    '.    . 

Ma? 

April 
Aug. 
May 
Nov. 

Fresh. 

Dried  lit  lOCC. 

1.30     Sailasure. 
2.40 

2.15     Pupils  of  FrHWtiiut. 
4.  BO 

4.67     Rkamullcr. 
11. *2 

J 


751.   loflaence  of  transpiration  npon  the  sir.     Ebermeyei 
Bbown  that  in  the  course  of  the  year  the  absolute  humidity  in  the  J 

proportiona  or  Lsbiatfe,  LUiace^  PnlmaceE.  MyrUctie.  and  Euphorbiacen  ;  bub 
the  moit  characteristic  orders  arc  Zypiphyllocao,  C«ctaoBiE,  Mesemliryauthe- 
'"■■■~".   Cycitilsccx,   and  Proteacne  (Constitution  ilaus  le  rigae  vegetal  dv 
giODpea  ph;aialogi<)U«a,  Arch.  Biblioth^ue  unirerseltc,  I.,  1874). 
>  Wiuenacb.prskt.  CnterBuchun^n,  1877,  Bd.  ii.,  p.  158. 

*  Ueber  dio  TrBnupirationiigriwse  d.  rorstl .  HalzgewatJioe,  187S.  p.  42.    Botfa, 
thii  Mid  the  prc<:editig  citation  are  from  PiBlTer's  PflanzeDptiysiologie,  i.  p.  161 

"  Some  of  Haberlandt'a  figtm.'g  for  crops  are  obrioualy  loo  high,  probably 
(rom  orarlooking  the  diniiotition  in  the  rate  of  tmnspimtion  which  atteada 
epDwding  plants  together.  Thus  he  makes  the  total  anjount  of  water  exhaled 
tnm  an  hiicUr  uf  outs  during  the  period  of  vegetation  Ui  be  S.ST'.TQO  kg. 
Urley.  1,238,710  kg." 

•  Dia'phyaikolischen  Einwirkungen  dee  Waldea  nuf  Luft  iind  Boden,  1878, 
p.  US. 


■IS,  ^m 


282     TBAK8FBB  OF  WATER  THROUGH  THE    PLANT. 

air  of  a  forest  is  scarcel}'  greater  than  that  in  air  over  open 
ground.  But  the  relative  humidity  in  the  former  case  is  about 
six  per  cent  greater  than  that  in  the  latter. 

752.  It  has  been  held  by  many  that  forests  have  a  dii*ect  effect 
in  increasing  the  amount  of  rain-fall,  presumably  by  bringing, 
through  transpiration,  the  amount  of  moisture  in  the  atmosphere 
of  a  wooded  place  nearer  the  point  of  precipitation.  But  the 
weight  of  evidence  now  available  is  against  this  view.^ 

753.  On  account  of  the  shelter  which  they  afford,  the  trees  of 
a  forest  play  an  important  part  in  the  storage  of  a  water-suppl}'. 
Under  their  branches  small  plants  can  thrive,  and  bj'  their  hold 
upon  the  ground  impart  to  even  very  porous  soil  a  good  degree 
of  stability. 

Soil  covered  with  mosses  and  other  humble  plants  which  live 
in  the  shade  not  only  holds  back  a  large  part  of  an}'  given  rain, 
so  that  the  water  drains  off  more  slowly,  but  it  is  not  likel}'  to 
be  itself  washed  down  to  lower  levels.  Upon  a  treeless  slope, 
however,  the  rains  which  fall  sweep  down  at  once. 

754.  There  is,  fuilhermore,  less  evaporation  from  a  soil 
covered  by  a  growth  of  trees  than  from  open  ground.  Obser- 
vations during  the  summer  months  recorded  by  Ebermeyer^ 
show  that  the  evaporation  of  water  fVom  the  soil  of  a  forest, 
when  the  surface  is  not  covered  b\'  grass,  is  only  SLxt3'-two  per 
cent  of  that  which  takes  place  from  open  ground.  But  if  the  soil 
under  the  shade  of  a  forest  is  covered  with  grass,  the  evaporation 
is  eight^'-five  per  cent  of  that  in  the  open  ground. 

Von  Mathieu  found  that  the  evaporation  from  open  ground 
from  April  to  October  was  about  five  times  as  much  as  from 
wooded  soil ;  but  he  does  not  state  whether  the  soil  in  the  latter 
case  had  grass  upon  it  or  not. 

^  *' Forests  increase  the  annual  relative  moisture  of  the  air,  but  this  in- 
fliience  is  much  more  noticeable  at  high  elevations  than  at  low  elevations. 
The  ju-ecipitation  of  moisture  (dew,  cloud,  rain,  snow)  takes  place  more  readily 
on  this  account  in  wooded  than  in  treeless  regions,  and  the  frequency  and 
intensity  of  these  precipitations  increase  with  elevation  above  the  surface  of 
the  sea.  Moisture  descends  more  readily  and  frequently  upon  a  wooded  than 
uiwu  a  treeless  mountain  of  the  same  height.  Forests  affect  rain-fall  only  so 
far  as  they  increase  the  relative  amount  of  water  held  in  the  air,  and  thus 
bring  the  relative  amount  nearer  the  point  of  saturation  ;  thus  with  the  fall  of 
temiwrature  in  the  forest,  a  part  of  the  moisture  is  easily  precipitated.  .  .  . 
Forests  make  the  climate  of  a  country  moister,  and  esjMJcially  so  in  summer " 
(Ebermeyer  :  Die  physikalischen  Einwirkungen  des  Waldes  auf  Luft  und 
Boden,  1873-  «-  151). 

2  Dif  hen  Einwirkungen  des  Waldes,  p.  175. 
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75o.  EITMt  of  tran§piratloii  opon  the  soil.  The  amount  of 
water  takeu  from  tbe  soil  hy  the  trees  of  a  forest  nod  passed  into 
tbe  air  by  transpiratioii  is  not  as  large  as  that  aeciimulat«d  in  the 
soil  by  the  ditiiiiiishcd  cra^wration  under  tlic  branches.  Hence 
there  is  an  accumulation  of  water  in  the  shade  of  forests  which 
is  released  slowly  hy  drainage.  But  if  the  trees  are  so  eeattered 
as  not  materially  to  reduce  evaporation  fmui  the  ground,  the 
elfeet  of  transpiration  in  diminishing  the  moisture  of  the  soil  is 
readily  shown.  It  is  noted  espectully  in  ease  of  large  plants 
having  a  great  e:ctent  of  exhaling  surface,  such,  for  instance, 
as  the  common  sunSower.  Among  the  plants  wbieh  have  beeo 
succeasfiilly  employed  in  tbe  drainage  of  marshy  soil  by  transpi- 
ration probably  tbe  species  of  Eucalyptus  *  (notably  E.  globulus) 
are  most  etiicieiit. 

756.  Do  leaTes  altsorb  aigaeoDs  raporl  It  is  everywhere  known 
tliat  leaves  which  wilt  during  the  daytime  from  slight  dryness 
of  the  soil  may  recover  tlieir  turgescence  during  the  night,  for 
tlien  transpiration  is  reduced  to  a  minimum,  and  the  demand  for 
water  is  verj'  slight,  so  that  there  is  a  speedy  readjustment  of 
the  equilibrium  which  was  disturbed  during  the  day.  It  is  still 
B  dispntcd  point  whether  wilted  leaves  can  absorb  any  appre- 
ciable amount  of  water  from  the  dew  which  falls  upon  tliem. 
Experiments  by  Duehaitre'  indicate  that  the  amount  must  be 
very  smalt,  if  indeed  any  at  all.  That  leal^'  branches  detached 
fVom  tbe  plant  can  absorb  water  through  the  leaves  is  well 
known,  and  has  been  already  alluded  to. 

'  S«  s  vary  interesting  nccouut  by  Mueller  in   EucalyptogiBphU,  1881. 
Alto  M  article  by  H.  N.  Uraper  in  Chunbera's  JoimuU,  Iviu.  193,  reprinted] 
in  Littell's  Liring  Age,  cilii.  37S. 

*  Amu  ilei  He,  uat,  »£r.  4,  tome  st.,  1801,  p.  109. 
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ASSIMILATION. 


757.  The  term  assimilation  ^  as  at  present  understood  in  Vege- 
table Ph^'siology,  means  the  conversion  by  the  plant,  through 
the  agency  of  chlorophyll,  of  certain  inorganic  matters  into 
organic  substance. 

Some  authors,  however,  give  to  the  word  assimilation  a  wider 
signification,  namely,  the  conversion  into  utilizable  substance 
of  all  matters  whatsoever  brought  into  the  organism.  Such  ^ 
regard  chloroph3'll  assimilation  as  onlj^  a  special  case  under  a 
general  class  which  comprises  the  appropriation  of  (1)  carbon, 
(2)  nitrogen,  and  (3)  sulphur,  so  far  as  this  is  a  constituent 
of  protoplasm. 

758.  It  will  presently  be  seen  that  with  the  appropriation  of 
carbon  b}'  the  plant,  there  is  alwa3's  associated  the  appropriation 
of  the  elements  of  water,  namel3%  h^'drogen  and  oxygen  ;  but  the 
mere  entrance,  transfer,  and  exit  of  water,  which  is  known  to 
undergo  no  chemical  change  in  the  organism,  have  alread}*  been 
examined  in  Chapters  VII.  and  IX.,  and  do  not  strictly  belong  to 
the  process  of  assimilation.  There  are  sundry  mineral  matters 
which,  tliough  absolutel}'  essential  to  the  well-being  of  the  plant, 
are  convenient!}'  examined  without  special  reference  to  assimi- 
lation, even  in  its  widest  sense.  Some  of  them,  like  the  salts  of 
potassium,  are  indispensable  to  the  process  of  assimilation ;  but 
they  do  not  become  at  any  period  an  indispensable  part  of  the 
substance  of  the  plant.  In  the  case  of  sulphur,  however,  a  small 
amount  of  the  element  is  appropriated  b}'  the  plant  and  consti- 
tutes a  component  part  of  its  protoplasmic  matter.  Tbe  matters 
which  by  their  temporary  presence  in  the  plant  contribute  to 
its  activities,  have  been  likened  to  the  absolutel}'  necessar}-  lu- 
bricants without  which  machinery  cannot  run  easily  or  perhaps 
at  all. 

^  See  Pfeffer's  Pflanzenphysiologie,  i.  186. 


ASSIMILATING   SYSTEM  OF   TBE  PLANT.  ZBO    I 

APPROPRIATION  OF  CARBON,  OR  ASSIMILATION  I 

PROPER.  I 

759.  The  appropriation  of  caibon,  and  its  combination  with 
the  elements  of  water,  is  by  far  the  moat  striking  of  the  kinds  of 
assimilation ;  nnd  since  it  underlies  to  n  certain  extent  the  forma- 
tion of  the  matter  with  which  nitrogen  and  sulphur  are  incorpo- 
rated to  constitute  the  living  substance,  it  may  well  lay  claim  to 
be  considered  assimilation  proper.  It  was  employed  in  this  sense 
by  Asa  Gray  in  1850,  in  the  second  edition  of  the  Text-lxwk. 

For  brevity,  therefore,  the  term  assimiUition  in  the  following 
pages  will  be  mnde  to  refer  to  the  appropriation  of  carbon.  . 

7G0.  With  some  exceptions,  to  be  mentioned  later,  the  follow-  I 
ing  statement  holds  good  for  all  plants :  OMtmUation  <a  essen-  I 
tially  a  proix^is  of  reduction  In  which  the  inorganic  matters  are  i 
(1)  water  taken  ft'om  the  soil,  and  (2)  carbonic  acid '  taken  from  i 
the  air ;  and  the  oceanic  substance  produced  from  Uiese  is  some  I 
carbohydrate  which  contains  less  oxygen  than  tlie  two  together.  1 
Hence  in  assimilation  there  is,  with  the  evolution  of  oxygen,  j 
B  partial  reduction  of  the  inorganic  matters  employed  in  the  ] 
process. 

7C1.  Assimilation  takes  place  only  under  the  following  condi- 
tions:  (1)  The  assimilating  organ  must  contain  liWng  chlorophyll 
or  its  equivalent ;  (3)  wat«r  and  carbonic  acid  must  be  furnished 
in  proper  amount ;  (3)  rays  of  light  of  a  certain  character  must  act 
apon  the  organ ;  (4)  it  must  be  kept  at  a  certain  temperature,  j 
there  being  a  minimum  degree  of  heat  below  which,  and  a  maxi-  ' 
mum  degree  above  which,  no  assimilation  can  occur ;  (5)  a  minute 
amount  of  certain  inorganic  matters  other  than  those  named, 
notably  some  compound  of  potassium,  must  be  within  reach. 

762.  The  asslmilatlngr  sfstem  of  the  plant.  All  cells  which  con- 
tain chlorophyll  or  its  equivalent,  and  which  admit  of  exposure 
to  the  sun's  rays,  constitute  the  assimilating  system  of  the  plant ; 
but  il  must  not  be  understood  that  they  perform  only  assimilative 
work.  In  the  simplest  vegetable  oiganisms  (unicellular  or  fila- 
mentous algie)  and  even  in  some  water  plants  of  the  higlier  < 
grade  (Anacharis)  these  cells  are  at  one  and  the  same  time  ' 
members  of  an  absorbing,  a  storing,  and  an  assimilative  s; 
tern.  In  land  plants,  and  in  some  water  ptanis,  however,  certain 
celts  have  the  office  of  assimilation  as  their  special  and  dominant 
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function.  These  cells  are  found  chiefly  in  expansions  upon  or  of 
the  axis ;  of  course,  most  commonly  in  ordinary  leaves.  But  in 
man}'  cases  the  primary  axis  itself  and  the  secondary  and  other 
axes  (branches)  may  have  a  considerable  share  of  the  proper 
assimilating  tissue  of  the  plant.  In  some  instances,  for  exam- 
ple, in  solid-stemmed  and  flesh}*  plants  (as  Cactaceae),  the  whole 
assimilative  apparatus  is  to  be  found  on  the  surface  of  axial 
instead  of  foliar  organs ;  and  the  same  is  tnie  of  certain  ligneous 
plants  special!}'  adapted  to  desert  conditions  (e,  g.^  Colletia). 

763.  The  development  of  the  assimilative  system  in  land 
plants  appears  to  have  been  controlled  by  two  opposed  factors  ; 
namely,  (1)  the  advantage  to  be  derived  from  exposure  to  air  and 
light,  and  (2)  the  disadvantage  consequent  upon  too  great  loss 
of  moisture  by  evaporation.  Even  the  most  superficial  examina- 
tion of  the  tropical  plants  cultivated  in  our  hot-houses  reveals 
the  striking  manner  in  which  a  balance  has  been  struck  between 
these  conflicting  influences :  the  plants  of  warm  Jungles  («.  g.^ 
Scitaminese)  having  broad  and  long  leaves  suited  to  a  humid 
atmosphere,  while  the  plants  of  parched  sands  (Cactacese  and 
the  like)  are  characterized  by  some  protection  against  excessive 
evaporation.  In  both  these  extreme  cases  the  provision  for  a 
certain  amount  of  evaporation  is,  on  the  whole,  seen  to  be 
tributar}'  to  the  essential  work  of  all  green  tissue,  namely, 
assimilntion. 

7G4.  Proper  exposure  of  the  assimilating  apparatus  of  a  plant 
to  light  is  secured  (1)  by  the  shape  and  position  of  the  assimilat- 
ing organ,  whether  it  be  axis  or  leaf,  and  (2)  by  the  arrangement 
in  the  organs  of  the  cells  themselves.  Concerning  the  first,  see 
Vohime  I. ;  in  regard  to  the  second,  see  this  volume,  page  159. 

7G5.  Chlorophyll  *  (;(\(opo9,  green  ^  and  </)vAAor,  leaf).  The  term 
chlorophyll,  originally  applied  to  the  pigment  rather  than  to  the 
substance  which  contains  it,  is  now  used  indifferently  to  denote 
the  coloring-matter  and  the  portions  of  protoplasmic  mass  which 
are  tinged  by  it.  It  is  better,  however,  to  designate  the  former 
chlorophyll  pigment,  the  latter,  chlorophyll  granules,  or  grains. 

7GG.  In  regard  to  the  genesis  of  the  chlorophyll  granules 
which  arc  the  essential  constituent  of  the  assimilative  cells,  the 

1  **  Xoiis  n'avons  aucun  droit  pour  nomnier  une  substance  connue  depuis 
longtemi»s,  et  k  Thistoire  de  laquelle  nous  n'avons  ajout^  que  quelques  faits  ; 
cependant  nous  proposorons,  siins  y  mettrc  aucune  importance,  le  nora  de 
chJorophylc^  de  chloroSf  couleur,  et  <f>i'i\\ou,  feuille;  ce  nom  indiquerait  Ic  role 
qu'elle  joue  dans  la  nature"  (Pellctier  and  Caventou:  Journ.  de  Pliannacio, 
iii.,  1817,  490). 
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folloniiig  view'  appears  to  be  most  in  consonance  with  recent 
investigations.  Imbedded  in  the  protoiilaam  at  every  growing 
point  there  are  peculiar  bodies  (plastids)  which  have  substan- 
tially the  same  diaracters  and  structure  as  the  protoplasm,  and 
are  more  or  less  clearly  diOerentinted  from  it  even  at  an  early 
period.  As  the  cells  which  develop  from  the  growing  point 
assume  the  different  characters  which  fit  them  for  special  ser- 
\ice,  for  exampli^,  those  in  certain  tubers  and  roots  for  store- 
liiiuses,  those  in  leaves  for  assimilation,  and  those  in  some 
llowers  and  Truits  for  color,  their  plostids  may  likewise  assume 
s|wcial  characters.  Those  which  are  destined  for  tlie  store- 
houses become  lencoplastids,  or  starch-formers ;  those  in  green 
tissue,  chloroplasti<Is  or  cblorophjU  granules ;  and  those  in  col- 
ored flowers  and  thiits,  cbromoplastids.  As  might  be  expected 
from  their  common  origin,  the  plastids  which  tinder  one  set  of 
conditions  might  become  Icucoplasttds,  may,  under  another  set, 
become  chloruplastids,  etc. 

7C7.  The  recognition  of  this  view  r^arding  the  origin  of 
chlorophyll  grains,  etc.,  although  it  is  as  yet  partly  hyix)thcti- 
cal,  will  enable  the  student  to  explain  some  of  tlie  extruonli- 
nary  intermediate  forms  met  with  ;  for  instance,  those  where  the 

>  Mey^rtDnsClilompliyllkDm,  l8S3.nndBoUuiBcbBsCEutra1bktt,18S°)hu 
mch«d  substuilially  tha  sninv  results  as  tlioae  obCaiiiPi]  by  Schiui[«r,  which  in 
the  Bccount  above  giv«n  liave  breu  presented  with  Sihimper's  noineticUture. 
Meyer  emplojti,  bnwevrr,  ilie  Eomeirliat  difTmnt  tenninology  ^veii  below. 


Echtniptr. 

Mejer. 

Van  TleKhem. 

0«nenl 
Bpedal 

Cnlor-gnuiulu. 

Pl»!tld. 

Anitplivt. 

UfldtA 

LeoclM  proper. 
I^hlnrnl^iiclte, 
UbrwraulsDulM 

For  B  fuller  account  of  Ihe  vien-s  or  Meyer  and  8<-hLia|ier,  the  etadent  must 
commit  the  origitiHl  oiemoirs  in  Botaniwhe  Zritiinfr.  ISS3,  or  *u  excellent 
•bstract  by  Dnvrir  (Quutarly  Joaraa)  of  Microscopical  Science,  118*). 

Schniilz  |L>is  Clinmuttopboren  der  Algen,  ISSJ)  lua  dcaeribod  at  great 
length  certain  stmctiires  analogous  to  chlorophyll,  occnrring  in  some  of  th« 
lower  planta.  Tlieae  gntnoliir  bodies,  called  chromstopliarea,  possess  eonsider- 
ftble  diversity  of  fonn,  but  all  agrre  in  consisting  of  a  matrix  or  bwas  permratcd 
by  coloring-uiatter.  In  most  groen  slgte  there  »m  also  foand  or< 
minuter  rounded,  grsnular,  odorlcn  bodiei  oQibcddcd  in  the  thromatophotr, 
known  as  pyrenniila.  Thesn  are  fre<[tieiitly  asMxualed  with  granules  of  stsrrli. 
Chromatophores  are  beliercd  by  Schmitz  to  inrreaw  only  by  iIm  process  of 
division,  but  the  pyrcorada  either  by  division  or  by  fieah  fonoation. 
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plastids  of  one  sort  can  for  a  time  undertake  the  office  of  the 
plastlds  of  another  sort.  It  explains,  partially  at  least,  the  in- 
trusion of  chlorophyll  grains  into  parts  of  the  plant  where  they 
do  not  seem  to  properly  belong,  and  accounts  for  some  of  the 
apparent  changes  which  the}*  may  subsequently  undergo. 

768.  According  to  the  early  investigations  of  the  subject,  the 
chlorophyll  granules  were  regarded  as  differentiations,  at  an 
earl}'  stage  in  the  embryo  and  seedling,  from  a  mass  of  homo- 
geneous protoplasm :  according  to  the  present  view  the}'  are 
derivatives  b}'  division  from  pre-existing  plastids.^  When  devel- 
oped in  darkness,  they  are  pale  yellowish,  or  even  devoid  of  color. 
Plants  gi-own  in  the  dark  (compare  788)  become  green  upon 
exposure  to  the  light,  provided  they  are  not  at  the  same  time 
kept  too  cold.  The  minimum  temperature  at  which  they  turn 
green  is  different  for  different  plants,  but  may  be  said  to  be 
in  general  not  far  from  6°  to  10°  C. 

Certain  Gymnosperms,  notably  seedlings  of  Abies  and  Finns, 
develop  a  bright  green  color  in  the  deepest  darkness,  provided, 
as  before  stated,  the  temperature  is  not  below  a  certain  point. 

7G9.  Oocurrenee  of  the  chlorophyll  grannies.  The  granules  are 
found  only  ver}*  sparinglj*  in  epidermis,  being  chiefly  confined  to 
the  guardian  cells  of  stomata.  They  occur  principally  in  paren- 
ch^'ma  cells,  immediately  below  the  epidermis,  and  seldom  out 
of  reach  of  the  light.  But  they  occur  also  in  a  few  deep-seated 
structures,  for  instance,  in  the  thick  cortex  of  some  ligneous 
plants,  and  in  the  tissues  of  not  a  few  embr3'os. 

770.  That  chlorophyll  granules  are  found  in  the  interior  of 
some  of  the  lower  animals  appears  rcasonabl}'  certain,  but  the 
green  matter  does  not  always  present  the  same  characters.  Ac- 
cording to  recent  authorities,  it  assumes  in  most  cases,  for  in- 
stance in  Spongilla  and  Hydra,  the  form  of  minute  granules.  The 
pigment  agrees  in  some  of  its  essential  properties  with  that  of 
ordinary  chloroplnil.^  In  some  cases  it  must  still  be  considered 
an  open  question  whether  the  granules  may  not  be  (or  at  least 
represent)  independent  organisms  dwelling  in  certain  cavities  of 

1  The  views  of  Gris  (Ann.  dcs  Sc.  nat.  bot.,  1857)  may  be  summarized  as* 
follows :  The  granules  arise  by  differentiation  of  the  protoplasm  in  certain 
young  cells  into  two  i>ortions ;  one  of  these  assumes  the  form  of  roundish 
or  lenticular  bodies  (the  ]>roper  granules),  which  under  the  influence  of  light 
become  colored  green,  while  the  other  remains  as  a  matrix  in  which  they  are 
eni>»edded. 

2  For  an  interesting  treatment  of  this  subject,  consult  Geddes:  Nature,  1882, 
and  L.ankester,  Journal  of  the  Royal  Microscopical  Society,  1882,  p.  241. 
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these  lower  animals.    These  cases  of  possible  symbiosis  deserve    : 
and  arc  receiving  carcriil  investigation. 

771.  Many  species  of  plants  derive  all  or  a  part  of  the  organio  ■ 
matter  required  for  their  growth  and  proper  activities  either  from 
other  plants  (when  they  are  called  parasites),  or  from  decaying 
organic  matters,  anch  as  vegetable  mould  (when  Ibey  are  called 
saprophytes).  In  the  tissues  of  a  few  such  plants  minute  traces 
of  chlorophyll  may  sometimes  be  detected. 

772.  Structure  or  cblorophfll  ^anules.  Under  a  moderately 
high  power  of  the  mieroecope  the  granules  appear  as  spheroidal ' 
or  |}olyhedi'al  bodies,  apparently  homogeneous  in  structure,  hav- 
ing neither  vacuoles  nor  granular  matter.     By  the  action  of  cer- 


from  the  granule  the  pigment 


tain  solvents  it  is  possible  to 
which   has  imparted 
to  it  its  characteristic 
color,  when  the  mass 
remains  without  any 
change    of    form. 
Hence  it  is  proper  to 
distinguish    between 
the    chlorophyll   pig- 
ment and  the  ehloro- 
phyll    granule,    each 
of   which    will    now 
be    considered.        .\ 
method  recently  d; 
covered  makes  it  i'i> 
sible  to  dcmoneti:i 
the  peculiar  stru<li:i 
of  Uio  granules  «iiiy-        ^  .\.   _, 
out  complete  removal    r^VjJT^^ 
of  the  pigment.    This 

method,    known    as  w 

Pringsheim's,'  depends  upon  the  action  of  dilute  hydrochloric 
acid  on  the  green  parts  of  plants.     ^VheQ  a  thin  green  tissue, 

'  In  utn«  of  tbo  Thiltopliytfs,  the  whole  or  nearly  the  whole  of  the  proto- 
pUsmic  muK  seems  to  lie  eroiily  colored,  presenling  the  appearance  of  colored 
ipinU,  1il[ii«1Id,  stolhte  forms,  eta. ;  and  such  colored  miuws  are  ilrictly  chloro- 
phjrll  boJies  {Die  Clitumatophorcn  der  Algen.     Fr.  ScbuiU.     Boon,  1SS2). 

«  Pringsheim'a  Jabrb..  liL,  1879,  p.  289. 

ta]^l^aehla^ie  acid  fbr 


i 


Via.  ta.    HypochloriD.    .4.aegll  nTrEitnaanliiintrwtsd 
ktowbonn:  £,  thsiuneaflcrKiDe  clayi:  r, />.  £, 
DnpeniaJdEakipClnhjdnxbtoilckclrlDiieDionUi:  a,< 
add  tttti  firs  monttai'  tnatnunt.    (PTln(ilnlm.) 
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for  instance  a  leaf  of  Vallisiieria  or  of  Aiiacharis,  is  treated  * 
with  a  solution  of  one  part  of  concentrated  liydrochlorio  acid 
in  four  parts  of  water,  the  first  change  obaerved  is  merelj-  a 
fading  of  the   green  color  of  the  granules    to  a  yellowish  of 
brown.    Aller  a  few  hours,  however,  upon  the  peripherj'  of  eaeli  . 
granule  there  appears  a  email  rounded  mass  of  a  deep  brown  ■'J 
color,  generally  keeping  much  the  shajMi  of  tlie  granule  from  J 
which  it  has  been  extruded-     Often  more  than  one  of  tbesa-J 
masses  can  be  detected,  and  they  sometimes  assume  needle-lilce4 
or  staff-like  shapes.      But,  whatever  their  form  may  be,  tUeyj 
carry  out  of  the  granule  all  of  the  coloring-matter,  and  leave  ttl 
as  a  honey  combed  mass  of  its  original  shape.    Similar  cxtrusiott' T 
of  a  colored  mass  can  be  effected  bj-  tbe  action  of  the  vapor  of  J 
boiling  water,  or  even  by  immersion  in  boiling  water ;  but  heml 
the  change  is  produced  in  a  single  hour,  or  even  less  (in  soioB'X 
cases,  in  Ave  minutes).     Wbea  much  starch  is  present  in  tbvl 
chlorophyll  granules  there  is  generally  considerable  cbaDge  of  , 
outline  of  the  whole  mass,  and  more  or  less  breaking  down  of 
their  internal  structure.     The  nature  of  the  vehicle  which,  under 
the  action  of  hydrochloric  acid  or  moist  heat,  cjirrics  out  of  the 
granule  all  of  the  coloring- matter,  will  be  referred  to  later,  under 
the  name  given  it  by  Pringsheim,  namely,  JlijpocMorin. 

ITi.  The  moss  of  the  granule  l^  left  by  this  removal  of  ita  I 
coloring-matter,  as  a  spongy  body  of  about  the  original  shapa  | 
of  the  granule.  This  spongj'  stroma,  or  "trabecular  mi 
plainly  different  (him  the  granule  which  is  decolorized  by  the  ^ 
action  of  solvents,  for  example,  alcohol,  ether,  etc. ;  for  i 
latlcr  case  the  mass  appears  to  be  with  an  unbroken  contonrj 
and  has  a  solid  structure. 

774.  The  chlorophjU  pigment  can  be  extracted,  although  widj 
various  associated  waxy  and  fatty  matters,  by  alcohol  and  other  ' 
solvents.  To  prepare  a  solution  of  tbe  pigment  for  a  study  of 
its  most  striltiug  properlios,  (Vesh  leaves  should  be  bruised,  acted 
on  for  a  few  hours  in  the  dark  by  warm,  strong  alcohol,  and 
then,  without  exposure  to  bright  light,  the  liquid  should  bo 
careftilly  decanted.  It  is  not  difficult  to  separate  the  dark 
green  solution  into  two  distinct  colors  by  means  of  the  following 
uettiods :  — 

(1)  Fremy'a  proeeBt.     One  vohime  of  the  alcoholic  solutionj 
is  shaken  with  a  mixture  of  two  volumes  of  ether  and  one  < 
ooncentratcd  hydrochloric  acid :   after  standing  for  a  time, 
upper,  or  etlier  layer,  is  yellow  (phylloxanthin  or  santhophyIl)J 
while  its  lower,  or  acid  layer,  is  blue  or  greenish  blue  (phylloi 


L ^ 


THE  CHLOBOPHYLL  PIGMENT. 

cyanin).  If  considerable  alcohol  is  now  added,  and  the  mixture 
ehaken,  the  liquid  again  becomes  thoroughly  mixed  aud  of  a 
clear  greeu  color.  Frcmy'a  later  researches  have  led  him  to  re- 
ganl  the  so-cnllcd  phyllocyanin  as  really  an  acid  (phyllocyanic), 
which  is  probably  combined  with  jwtassium,  and  ttic  salt  thus 
formed  mixed  with  pbylloxauthin  to  form  the  green  culoring- 
matter  of  chlorophj'U. 

(2)  KrauB's  proceaa.  This  metho<l  of  scptrating  the  two 
coloring- matters  is  based  on  the  action  of  benzol.  The  alcoholic 
sohitioQ  prepared  as  directed  on  page  390,  or,  much  better,  with 
alcohol  of  GJ  %,  is  shaken  with  alwut  twice  its  volume  of  benzol, 
or,  according  to  E.  bachsse,  with  henzin  (sp.  gr.  .714),  After 
a  while  the  turbid  liquid  separates  into  a  benzol  layer  above, 
having  a  bluish-green  color,  and  an  alcohol  layer  below,  tinged 
yellow.  The  yellowish  pigment  is  called  by  Kraus,  xantbopliyll, 
the  bluish-green,  kyanophyll.  According  to  Wiesner,  kyauophyll 
is  nearly  pure  chlorophyll  freed  from  its  associated  yellow  pig- 
ment xanthophylL  It  is  believed  by  many  that  Uie  yellow  pig- 
ment, separated  by  this  process  is  identical  with  that  found  in 
plants  blanched  (etiolated)  in  darkness,  and  which  has  been 
called  etiolin. 

DiiTercnt  methods  (some  of  which  are  noticed  brieSy  in  the 
foot-notes ' )  have  been  employed  for  the  isolation  of  the  pare 

1  (])  BerzeliuBevainrates  the  Btcobolic  extract  to dryneM.andBftertrBatmeiit 
villi  hydrochloric  add  (up.  gr.  1.11),  again  dissoNra  it  in  alcohol.  He 
prcdpilatca  with  water,  rediasolvca  the  precipitate  arter  BitmUon,  and  lastly, 
b;  acetic  acid,  precipitatea  the  nearly  puro  pigment  (AudbIcd  dcr  Chemie  und 
Pbannacie,  xxL,  1B37.  p-  257  ;  xxviL,  1S3S,  p.  29S.)  (2)  Fremy  throws  down 
froiu  its  alcoholic  aolution,  by  use  of  either  ftluminic  or  mogneiic  hydrate,  all 
eoloring-inatter  ;  and  after  thoroughly  waaliiug  the  precipitate  diraolTet  it  In 
alcohol  (CompIeaRendus,!.,  ISDO.p.  405;  IxL,  IgSn,  p.  138).  (3)  Hoppe^Seyler 
firat  extracts  all  waxy  matters  frani  green  leaves  by  repeatedly  washing  them 
with  cold  ether,  and  then  treats  tho  leaves  with  boiling  abaolnto  alcohol.  After 
the  alcoholic  aolutian  has  been  cooled,  again  heated,  and  allowed  to  stand,  red- 
dish crystals  (erythrophyll)  separate  from  it.  These  are  red  in  transmitted.  Init 
green  or  whitish  in  reflected  light.  After  their  separation  the  residue  of  the 
solution  is  eruporated  to  dryneas  and  again  dissolved  in  elher;  from  the  ether 
wlatioD,  upon  slow  evaparution,  granules  are  thrown  down,  which  are  brown 
in  traiumitted  and  green  in  reflected  lighL  These  granule*  may  be  obtained, 
by  repeated  wlutjon  and  by  spouloneous  evaporation  of  the  solution,  in  tlw 
ibnn  of  crystals  of  a  high  degree  oF  purity,  which  are  callnl  by  Hoppo-Seylw 
ohlorophyllan  (Zeitschr.  phys.  Chem.,  iii.  1S79,  p.  339).  (4)  In  Gautier's  pro- 
ons,  iMiiised  leava*  are  mixed  with  swlic  hydrate  and  pressed.  After  tliis  the 
T«*)ilue  of  the  leaves  is  treated  with  alcohol  at  65°  C. ,  again  pnissed,  and  then 
treated  with  cold  83  par  cent  alcohol,  all  waxy  niaiten  bring  left  by  the  pro- 
is  ondiasolTed.     The  alcoholic  solution  is  mixed  with  animal  chan'onl  and 
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coloring-mattera  of  leaves :  er}*8talliDe  substances  have  been  ob- 
tained, one  of  which,  marked  by  its  blue  or  bluish-green  color, 
contains  about  five  per  cent  of  nitrogen.^ 

775.  Spectmm  of  chlorophjU.  When  a  ray  of  white  light 
which  has  passed  through  a  coloiing-matter,  for  instance,  a  solu- 
tion of  one  of  the  coal-tar  dyes,  red  wine,  or  a  solution  of  chlo- 
roph^'ll,  is  examined  by  means  of  a  spectroscope,  certain  dark 
bands,  known  as  the  absorption-bands,  are  observed  at  definite 
places  in  its  spectrum. 

776.  For  convenience  in  examining  the  spectra  of  small 
amountsof  coloring-matters,  a  direct- vision  spectroscope  attached 
to  the  tube  of  a  microscope  is  emplo3*ed,  and  the  coloring-matter 
in  question  is  placed  in  a  flat-walled  bottle  or  a  glass  cell  on  the 
stage  of  the  microscope.  The  ray  of  light  which  is  reflected 
from  the  mirror  under  the  stage  passes  first  through  the  colored 
matter,  next  through  the  objective,  and  lastly  through  the  prisms 
which  compose  the  microspectroscopic  attachment  to  the  tube. 

777.  In  order  to  compare  the  spectra  of  difi(erent  substances, 
a  second  prism  or  set  of  prisms  is  often  used,  by  which  the  spec- 
trum of  a  second  liquid  can  be  projected  by  the  side  of  that  of 

allowed  to  stand  for  five  da3r8  ;  all  the  chlorophyll  pigment  is  thus  removed  by 
the  charcoal.  Alcohol  of  65  per  cent  strength  extracts  from  the  coal  a  yellow 
crystallizable  substance,  while  ether  or  benzine  dissolves  out  matter  which, 
upon  evaporation  of  the  solution,  yields  pure  chlorophyll  pigment  (Comptes 
Rendus,  Ixxxix.,  1879,  p.  861).  By  the  action  of  sodium  on  a  benzine  solution 
of  the  coloring-matter  of  Primula  or  of  Allium,  R.  Sachssc  has  obtained  two 
colored  masses.  One  of  these  is  green,  solid  at  ordinary  temperatures,  in- 
soluble in  pure  water,  soluble  in  a  dilute  alkali,  and  also  in  alcohol  and  ether; 
the  other,  yellow,  brittle,  crumbling  into  an  orange  mass,  soluble  in  the  same 
liquids  as  the  first.  Besides  these  two  coloring  substances  he  found  also  a 
glucoside  (that  is,  a  body  which  under  certain  conditions  can  be  split  into 
some  one  of  the  sugars  and  another  substance  which  is  capable  of  further 
changes).  Both  of  the  colored  masses  can  be  readily  broken  up  into  several 
different  coloring-matters.  The  matters  obtained  by  this  process  from  the 
green  mass  differ  from  those  obtained  from  the  yellow,  in  containing  about 
three  to  five  per  cent  of  nitrogen,  while  those  from  the  yellow  contain  none 
at  all. 

1  The  green  crystals  obtained  by  the  evaporation  of  a  purified  solution  of 
chlorophyll  in  alcohol  are  called  chlorophyllan  by  Hoppe-Seyler,  and  chloro- 
phyll by  Gautier.     Their  analysis  reveals  the  following  composition :  — 

Hoppe-Seyler.  GaaUer. 

H 9.725 9.80 

0 9.525 10.33 

N 5.085 4.16 

Ash 1.73 1.76 


SPECTBDM  OF  CHLOROPHYLI,. 

iLe  first.  The  spectra  of  chlorophyll  solutions  from  tno  clifl'crent 
sources  can  tiius  be  at  once  compared.  One  of  the  combicutious 
can  also  be  employed  to  project  the  solar  spectrum  (unchanged 
by  passing  througli  any  color  whatever),  and  its  constant  lines 
(Fraunliofer's  lines)  can  be  used  for  the  determination  of  posi- 
tion of  ttie  bands  seen  in  the  spectrum  of  the  liquid  by  its  side. 

778.  The  spectra  of  many  substances,  among  which  chloro- 
phyll occupies  a  prominent  place,  have  absorption-bniids  of  such 
constancy  in  position  and  appearance  that  they  ace  justly  regarded 
as  charactcnstic. 

779.  The  S|}ectnim  of  an  alcoholic  solution  of  clilorophyll  has 
been  shown  to  be  csscntiuUy  the  same  as  that  of  tlie  chlorophyll 
granule  itself.  In  order,  however,  to  obtain  all  the  ahsorption- 
bands  characteristic  of  chlorophyll,  it  is  necessary  to  examine 
successively  solutions  of  different  degrees  of  strength,  some  of 
the  bands  appeariug  only  in  dilute  and  otliors  only  in  strong 
solutions.  For  comparison,  absorption  spectra  obtained  fiom 
different  sources  are  here  given. 


T     |*»         j«W  J»   T    JM*  Mi  «W  TiW  *!:•        jftW  MM 
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flpire»blljltl  tbeBpeclIDniataUriiiKleiirofrMuUlaKiibrk.    (Knoa.) 
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780.  The  flnoreseenee  of  cblorophjll  pfgment  is  best  shown  by 
allowing  raj's  of  light,  made  convergent  by  passing  through  a 
double  convex  lens,  to  fall  upon  the  surface  or  side  of  a  strong 
alcoholic  solution  of  chlorophyll.  The  color  at  the  focus  of  the 
lens  will  then  appear  blood-red,  but  by  transmitted  light  the  same 
solution  will  appear  dark  green.  By  fluorescence  is  meant  the 
property  possessed  by  certain  substances  of  diminishing  the  re- 
frangibllity  of  some  rays  of  light ;  in  the  case  of  chlorophyll  all 
the  ra3's  towanls  the  violet  end  of  the  spectrum  are  made  to 
conform  in  refrangibilit}'  to  those  near  the  red.  A  bright  solar 
spectrum  ^  cast  upon  the  side  of  a  flat  vessel  containing  a  solu- 
tion of  chlorophyll  appeara  much  like  a  stripe  of  dull  red :  in 
this  red  stripe  are  bands  corresponding  in  their  position  to  the 
absorption-bands  of  chlorophyll.  If  the  blood-red  color  produced 
b}'  a  strong  light  falling  on  the  surface  of  a  concentrated  solu- 
tion of  chlorophyll  is  examined  through  a  spectroscope,  only 
red  ra^'s  having  the  same  degree  of  refrangibilit}'  as  those  of 
the  deep  absorption-band  of  the  chlorophyll  spectrum  come  to 
the  eye. 

781.  Plants  without  chlorophjll.  If  whole  plants  (certain 
parasites  and  saprophytes,  for  example,  Monotix>pa)  are  either 
white  or  slightly  tawny  throughout,  it  is  owing  to  a  complete  or 
partial  absence  of  chlorophj^ll ;  but  in  some  instances  such  plants 
ma}*  impart  to  alcohol,  in  which  they  are  immersed,  a  decided 
tinge,  frequently  blue. 

782.  " Colored'*  plants.  When  leaves  or  stems  have  some 
color  other  than  green,  they  are  said  to  be  colored ;  if  two  or 
more  different  colors  are  intermingled  the  parts  are  variegated. 

7H3.  In  the  case  of  healthy  leaves  exposed  to  light,  white 
spots,  streaks,  etc.,  are  generally,  if  not  always,  characterized 
by  an  absence  of  chlorophyll.  Such  spots  have  relations  to  their 
surroundings  which  are  different  from  those  of  the  contiguous 
green  i)arts ;  they  do  not  have  the  power  of  assimilating  in- 
organic matters. 

784.  In  plants,  the  paleness  of  colors  verging  upon  green  or 
blue  (for  example,  those  in  many  kinds  of  cabbage)  sometimes 
depends  wholly  on  the  existence  upon  the  surface  of  the  part,  of  a 
great  amount  of  the  waxy  matters  known  collective!}'  as  bloom 
(see  226).    The  tissues  beneath  the  surface  may  be  vivid  green. 

785.  Red  and  yellow  colors  of  healthy  and  vigorous  leaves  are 
usually  due  to  the  presence  in  the  cells  (often  merely  those  of 


Hagenbach:  Annalen  der  Physik  und  Chemie,  cxli.,  1870,  p.  245. 
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the  epiilermis)  of  colored  coil-sap.  This  is  flometimos  in  such 
large  aaiount  as  to  loask  completely  the  green  granules  wbich 
are  contained  in  the  same  cclty. 

7S6.  In  the  Floridea;  (i-oae-red  marine  algie)  the  elilorophyll 
ia  lunsked  by  tlie  presence  of  a  re<ldish  coloring-matter  wliich  is 
easily  extracted  by  pure  wBt«r.  This  reddish  pigment  ia  called 
pliycoer^'thrine.  In  solution  it  is  carmine-red  by  tranamilted. 
and  orange  by  reflected  light.  Analogous  pigments  extracted 
by  water  from  algie  of  colors  other  than  red  have  i-eceived 
the  following  names,  —  phycophteine  (brownish),  pliycocjauiue 
(bluish),  phycoxanthinc  (yellowish-brown). 

When  these  coloring-m altera  have  been  extracted  by  cold 
water,  the  chlorophyll  ia  left  unchanged  in  the  plant,  and  it 
tlien  imparts  to  the  tballus  its  characteriatio  green  color.  Owing 
to  the  nearly  complete  insolubility  of  these  reddish  pigments  in 
alcohol,  an(l  the  complete  solubilitj'  of  the  chlorophyll  pigment 
in  that  liquid,  a  green  color  is  given  at  once  to  alcohol  when  an 
alga  is  immersed  therein. 

787,  Colored  bodies,  not  readily,  if  indeed  at  all,  distinguish- 
able from  ordinary  crystalloids  (see  177),  ai-o  found  in  many 
algffi.  In  some  cases  these  colored  grannies  of  crystalline  foi-m 
occnr  normally  in  the  living  plant;  in  others  they  arise  from 
changes  produced  by  the  action  of  reagents  upon  the  matters  of 
the  cells.  The  name  rho<lospermin,  given  by  Cramer  to  the 
granules  having  the  latter  origin,  has  been  adopted  by  Ivleiu  in 
an  extended  memoir, 

7H8.  Etlolalloa.  Green  plants  placed  in  dartcness  soon  turn 
palo  and  become  blanched  or  etiolated.  The  chlorophyll  gran- 
ules change  their  color,  and  finally  appear  to  become  merged, 
with  more  or  less  change  of  form,  in  the  protoplasmic  mass, 
from  which  they  are  then  no  longer  easily  distinguishable.  Etio- 
lateil  plants  when  exjmseil  to  light  recover  their  color  only  when 
the  temperature  is  above  a  certain  point.  The  action  of  light  in 
restoring  color  is,  moreover,  local,  being  confined  to  the  part  of 
the  plant  which  is  exposed  to  its  influence.  It  may  be  here 
noted  that  some  plants  are  not  etiolated  until  after  long  expos- 
ure to  darkness ;  thus  the  older  parts  of  Cactus  specios»is,  kept 
in  the  dark,  remained  green  for  three  months,  but  the  new  Bboots 
were  etiolated.  Selaginetla  remained  green  from  four  to  five 
mouths.' 


Sacha :  Handbach  der  Kxpeiimenttl-phfriologie,  1S8S:  nbo  Botanischa 
Zeitang,  18S1,  and  Flora,  1863. 
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The  intereBtiug  similarity  between  the  spectnim  or  the  yelloT-l 
coloring- matter  of  chlorophvll  and  that  of  the  Bo-callecl  tttolin,  1 
or  yellow  coloring-m fitter  irhich  can  be  extraeted  from  blanched  •! 
leaves,  is  shown  in  ttic  two  figures  here  given, 


780.  An  alcoholic  solution  of  ehloropliyU  unilei^ocs  very  little 
if  any  change  when  kept  in  the  dark  ;  hut  even  a  short  ex|>osure 
to  strong  light  destroys  ita  green  color,  and  leaves  the  liqnid 
pale  brown,  or  nearly  coloiless.  When,  however,  strong  sun- 
light passes  through  a  solution  of  chlorophyll  before  it  reaches  a 
second  receptacle  filled  with  the  same  liquid,  the  first  solution 
protects  the  second  for  a  considerable  time ;  and  only  after  the 
first  has  lost  a  portion  of  its  green  color  can  the  second  be  also 
acted  upon. 

790.  Sachs'  has  pointed  ont  the  interesting  fact  tbat  green' 
leaves,  especially  those  of  delicate  textnre,  become  paler  wbea 
exposed  to  a  very  bright  light,  and  resume  their  deep  green 
color  when  again  subjected  to  a  less  intense  light.  If  one  leaf 
is  partially  shaded  by  another,  the  shaded  leaf  preserves  its  nor- 
mal deep  green  color,  while  the  leaf  exposed  to  the  Ught  grows 
distinctly  paler.  This  effect,  due  probably  to  a  change  of  posi- 
tion of  the  chlorophyll  grains,  can  i>e  sIiowd  experimentally 
in  the  following  manner :    Fasten  closely  to  a  green  leaf,  stilt 


Tio.  lai.  Th«  nppcf  ipcctram  la  that  of  tlie  ytU 
Doutila  KAbra ;  tlis  loirsr,  that  ot  tbe  cotoHng-m 
■olutlon.    [Krau ) 
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connected  to  its  plant,  a  narrow  strip  of  flexible  lead  or  tin  foil, 
anil  expose  the  loaf  to  bright  sunlight.  Aller  a  quarter  or  half  an 
liour  remove  the  strip,  and  the  spot  which  has  been  kept  shaded 
by  it  will  be  seen  to  be  distinctly  deeper  in  color  than  the  part 
which  has  been  exposed  to  the  sun's  rays. 

7U1.  CJdorosia,  or  blanching  of  plants  from  lack  of  iron. 
Although  iron  bos  not  been  detected  as  a  constant  component 
of  the  pure  pigment  of  chlorophyll,  this  clement  has  been  shown 
in  man,\'  wajs,  especially  by  water- culture,  to  be  essential  to 
the  gi-eon  color  and  even  to  the  normal  formation  of  the 
granules.  When  a  seedling  of  Indian  corn  is  grown  with 
its  roots  abundantly  supplied  with  a  nutrient  solution  from 
which  all  8alt%  of  iron  arc  absent,  and  it  has  all  other  condi- 
tions favorable  to  rapid  and  healthy  development,  the  leaves 
are  pale  yellow,  or  even  whitish,  and  the  whole  plant  sooner 
or  later  appeal's  sickly  and  ill-nourished.  When,  however,  a 
salt  of  iron  is  supplied  to  the  nutrient  liquid,  a  normal  green 
color  is  at  once  imparted  to  the  leaves  and  the  plant  becomes 
healthy  and  vigoroiis.  The  eflfect  of  the  local  application  of  a 
salt  of  iron  is  thns  described  :  When  a  weak  solution  of  ferric 
chloride,  fenic  nitrate,  or  ferrous  sulphate  is  applied  to  a  leaf 
blanched  by  want  of  iron,  the  part  moistened  assumes  a  nor- 
mal green  color  in  a  few  days,  and  sometimes  in  a  much  shorter 
period.  Neither  cobalt  nor  nickel  salts  have  similar  relations 
to  elilorophyll.' 

792.  Antumnal  changes  in  color.  The  leaves  of  many  decida^ 
ous  plants  undergo  changes  of  color  at  some  period  before  thej" 
Call.  In  not  a  few  instances  these  changes  occur  early  in  the 
season  alter  full  development  of  the  leaf;  for  example,  during 
the  first  days  of  summer  it  is  not  unusual  to  find  on  the  swamp 
maple  bright  red  and  yellow  leaves.  The  cold's,  however,  be- 
come most  striking  in  temperate  climates  at  the  approach  of 
autumn. 

The  change  of  c-olor  in  autumn  leaves  is  due  to  changes  which 
take  place  in  the  chlorophyll  pigment.  This  breaks  up  into 
Tarious  matters  of  unknown  composition,  but  classed  in  a  gen- 
eral way  with  the  erytliropbyll  (the  reddish  color! ng-raatter)  and 
xanthophj'lt  (the  3'ellawish),  obtainable  artificially  from  chloro- 
phyll. Comparison  of  the  spectra  of  these  substances  exhibits 
certain  verj-  striking  features  of  similarity. 


1  EuHib«  Gria,   1S<4,  and   Arthur  Gris,  in   Ann.   Jcs   t 
tome  vit..  1857,  p,  179. 
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793.  These  autumnal  chauges  have  been  compared,  not  in- 
aptly*, to  those  belonging  to  the  ripening  process  in  colored  fruits ; 
but  this  general  statement  of  similarity  must  not  disguise  the 
fact  that  in  the  rii}ening  of  fruits  special  chromoplastids  play  the 
chief  part,  whereas  in  the  leaf  before  its  fall  there  is  a  breaking 
up  of  the  protoplasmic  basis  of  the  granules  of  chlorophj'll,*  pre- 
paratory to  the  withdrawal  from  the  leaves  into  the  plant  of  the 
products  of  disintegration. 

The  changes  during  disintegration  may  involve  (1)  both  color 
and  form  of  the  granules  at  one  and  the  same  time,  or  (2)  the 
change  in  color  may  precede  that  in  form,  or  (3)  the  latter  may 
occur  firet. 

794.  In  general,  the  reddish  coloring-matters  are  found  in  the 
cell-sap  of  the  colored  leaves,  the  yellow  in  the  substance  of  the 
disintegrating  grain,  and,  finally,  the  brown  in  the  modified 
character  of  the  cell-wall  itself. 

795.  That  frost  is  not  essential  to  the  production  of  the  leaf- 
colors  of  autumn  is  plain  from  the  widely  known  fact  that  many 
leaves  undergo  precisely  these  changes  of  color  long  before  any 
frosts  appear.  It  is  generall}'  believed,  however,  that  freezing 
may  somewhat  hasten  the  process  of  chloroph3il  disintegration 
which  underlies  all  the  changes. 

The  fact  is  generally  recognized  that  the  autumnal  colors, 
cnmson  and  scarlet,  arc  more  brilliant  in  the  cooler  portions  of 
America  than  those  which  characterize  the  foliage  in  Euroi)e, 
and  it  has  even  been  remarked  that  the  leaves  of  American 
trees  cultivated  in  Kurope  do  not  undergo  such  marked  changes 
of  color  as  individuals  of  the  same  species  do  in  their  native 
habitat.  This  has  been  accounted  for  on  the  ground  that  there 
is  less  humidity  in  the  atmosphere  of  eastern  America;  but  this 
explaiijition  is  not  satisfactory,  and  exact  observations  regarding 
the  relative  brilliancy*  of  color  are  wholly  wanting. 

7i)().  Chlorophyll  in  evergreen  leaves.  At  the  approach  of 
cold  weather  the  leaves  of  evergreens  undergo,  according  to 
Mohl,"^  certain  changes  of  color.  Kraus'  recognizes  two  types 
of  change :  ( 1 )  the  leaves  become  greenish  brown,  as  in  most 
Conifers,  or  (2)  they  take  on  a  red  color  on  the  upper  side,  as 
in  Mahonia  and  some  species  of  Sedum.  According  to  him,  in 
leaves  of  the  first  type  the  chlorophyll  granules  become  disinte- 


1  Sachs :  Die  Entleenmf;  der  Blatter  im  Ilerbst,  Flora,  1863,  p.  200. 

2  Vermischte  Schriftcn,  1845. 

*  Sitzungsb.  der  phys.-med.  Societat  zu  Erlangen,  1871,  1872. 
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grated  and  impart  n  bron-n  color  to  the  protopiosmic  mass  of  the 
cells :  but  in  the  leaves  of  the  second  typo  the  color  is  due  to 
a  highly  refractive  reddish  or  yellow  mass  (supposed  to  be  tan- 
nin), concealing  fVom  a  surface  view  the  clustered  chlorophyll 
gi-aiiides  within,  which  retain  tlicir  vivid  hue.  In  all  cases  of 
evergreen  leaves  the  granules  of  chlorophyll,  at  the  beginniogf^ 
of  the  cold  Hoason,  pass  from  the  walls  to  the  centre  of  the  cellfl) ' 
and  are  there  aggregated  in  compact  clusters.  Their  normal 
condition  is  restored  in  the  warm  days  of  early  spring. 

797.  Kraus  has  examined  the  changes  in  antumn  In  the  chloro- 
phyll of  Ruscus  aculeatus.  lie  Bnds  that  in  Ibis  plant  some  of  the 
more  superficial  cells  under  the  epidermis  contain  minute  granular 
masses  of  a  brownish  color,  but  no  chlorophyll  granules  are  to 
bo  distinctly  seen,  and  that  tlie  subjacent  cells  have  more  or  less 
broken-down  granules  which  are  yellowish  or  brownish  green. 
In  tlie  cells  making  up  the  more  spongy  tissues  there  are  a  few 
chlorophyll  granules  quite  intact,  but  there  are  indications  that 
some  otiiers  linvc  been  completely  destroyed  and  their  coloring- 
matter  taken  up  by  the  surrounding  protoplasm,  apparenllj-  in  a 
state  of  solution. 

798.  It  was  thought  by  Krana  that  tlie  winter  change  in  the 
character  of  the  chlorophyll  was  due  to  the  lower  temporature. 
He  based  his  views  largely  upon  e.^periiaents  with  a  branch  of 
Buxus  (Box)  ;  but  it  has  been  shown  by  BataUn'  and  Askenasy  * 
that  light  has  a  more  important  influence  upon  tbo  cliloTOphyll. 
than  changes  of  tempo rnturc. 

7!)9.  The  raw  matorlah  required  for  asKlmilatlon,  and  thdr 
reception  b;  the  assimilating  organs.  These  are  (1)  water  and 
(2)  carbonic  acid.  In  earlier  chapters  it  has  been  shown  in 
what  manner  and  to  what  extent  water  and  small  traces  of  min- 
eral matters  arc  brought  from  the  soil  into  the  plant.  It  ia 
now  necessary  to  ascertain  in  what  way  carbonic  acid  enters 
the  organism  and  is  appropriated  by  it. 

800.  AbsorptioD  of  carbonic  acid  b;  wat«r  plants.  These  can 
absorb  carbonic  acid  substantially  as  they  absorb  mineral  salts, 
directly  fVom  the  water  in  which  they  live.  The  amount  of  car- 
bonic acid  found  in  rain  and  other  waters  is  variable,  ranging, 
according  to  the  l^st  authorities,  from  about  one  per  cent  to 
considerably  less  than  one  tenth  of  one  per  cent.  The  amount 
existing  in  the  free  state  in  natural  waters  in  whicli  plants  thrive 
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■  BotaniKlie  Zoilnng,  1S74. 
)  BotanUclia  ZrituDg,  IS7S. 
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is  shown  in  the  following  table  (taken  from  the  comprehensive 
synopsis  in  Watts's  dictionary)  :  — 

CuUo  centimeten 
In  each  Uter  of  water. 
Loch  Katrine  (Scotland) 3 

Bala  Lake  (Wales) 1.1 

Bhine  at  Strasbuig 7.6 

Rhone  at  Geneva 8.4 

Thames  at  Kew 50.3 

All  the  free  carbonic  acid  dissolved  in  water  can  be  expelled 
b}'  lx)iling.* 

801.  Absorption  of  carbonic  acid  bj  land  plants.  These,  with 
their  foliage  exposed  to  the  air,  obtain  from  that  source  all  their 
supply  of  carbonic  acid.  No  carbonic  acid  is  taken  up  by  their 
roots :  ^  the  supply  enters  the  plant  through  the  younger  epider- 
mal tissues,  chiefly,  of  course,  that  of  the  leaves.  By  the  process 
of  i-espiration  within  the  plant  (see  Chapter  XI.)  a  small  but  ai>- 
preciable  amount  of  carbonic  acid  is  produced,  and  a  part  of  this 
is  doubtless  appropriated  directly  by  the  plant  for  the  process 
of  assimilation. 

802.  Carbonic  acid  and  other  gases  found  in  the  atmosphere 
sustain  to  vegetable  membranes  certain  relations  which  must 

^  According  to  Bunsen  (Jahresb.  dcr  Chcmie,  1853,  p.  317),  one  volume  of 
water  absorbs  at  760  mm.  barometric  pressure,  and  at  the  temperatures  noted, 
the  following  amounts  of  various  gases  :  — 

3^.2  C.  190.60. 

Nitrogen 02189  vol 01515  voL 

Oxygen 04553    *' 03253   " 

Carbonic  acid      .     .     1.5184     " 8545     '* 

According  to  the  same  authority,  these  gases  occur  in  rain-water  in  the  fol- 
lowing relative  proportions  :  — 

O^C.  10°  0.  2fPC. 

Nitrogen  ...  63.20  ...  63.49  ..  .  63.69 
Oxygen  ....  33.88  ..  .  34.05  .  .  .  34.17 
Carbonic  acid  .     .       2.92     ..     .       2.46     ..     .       2.14 

2  This  appears  to  be  settled  !)y  the  results  of  experiments  made  by  Moll: 

(1 )  when  carlwnic  acid  is  affortled,  even  in  excess,  to  shoots,  whose  leaves  are  kept 
in  an  atmosj)here  free  from  carbonic  acid,  no  formation  of  starch  takes  place  ; 

(2)  if  such  leaves  are  in  the  ©iK'n  air,  the  formation  of  starch  is  not  increased 
above  its  normal  rate;  (3)  when  carlwnic  acid  is  supplied  to  roots  of  plants 
whose  leaves  and  shoots  are  kept  in  an  atmosphere  free  from  carbonic  acid,  no 
fonnation  of  starch  takes  place.  If  the  leaves  and  shoots  of  such  plants 
are  in  the  open  air,  there  is  no  increase  of  starch  above  the  normal  amount 
(Arbeiten  des  lx)t  lust,  in  Wiirzburg,  1878,  p.  113). 
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aotv  be  prcscDtcd  in  a  general  manner ;  and  some  intrixluctOTy 
reference  must  be  lit;re  made  Ui  the  well-kuuwn  pLysical  proper- 
ties of  gases,' 

803.  DiffagloD  or  gases.  WLen  two  or  more  gases  arc  brought 
into  contact,  spontaneous  intermixtnre  takes  place.  Tliis  pro- 
cess of  dilfusion,  as  it  is  called,  goes  on  even  when  tlie  gases 
are  very  different  in  specific  gravitj',  and  when  Ibey  are  kept 
externally  at  perfect  rest.  Thus  il'  a  jar  of  carbonic  acid  l)e 
placed  in  connection  with  a  jar  of  oxygen,  tlie  two  gases,  after 
a  while,  will  become  nniformly  commingled. 

Similar  commingling  of  gases  also  takes  place  through  per* 
mcablc  substances,  such  as  thin  plates  of  nuglazed  porcelain, 
graphite,  films  of  membrane,  etc. 

804.  Different  gases  diffuse  through  a  given  membrane  in 
different  times.  The  rates  of  diffusion  of  different  gases  at  the 
same  temperature  aud  barometric  pressure  liave  been  shown  by 
Graham  to  differ  nearly  in  the  inverse  ratio  of  the  aquore  roots 
of  their  densities,  thus  :  — 


MuDBotgu.  (tir  being  Hkkuu  lu  uultf).  dliuiirtjr. 

Hydrogen 3.83 3.78  nearly 

Carbonic  oxide      .     .     .     1.01  nearly   .     .     .  l.OI      " 

Nitrogen 1.01      "        ...  I.Ol      " 

OijBen 115     "        ,     ,     .      .BS      " 

Cubonic  »cid 81     "        ...      ,81      " 
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■  Gmliam,  who  mnde  a  aHvful  study  of  the  laws  which  govem  gnaeoui  dif- 
fiosion,  has  given  the  following  dear  account  of  thu  physical  bypothesiii,  which 
U  now  generally  received  :  "  A  gas  is  represented  u  oinristiDg  of  solid  and 
perfeotly  elaatto  spherical  partitlfs  which  move  in  all  directions,  and  are  »ni. 
mated  with  dilfcrent  degrees  of  Telocity  in  dilTorent  gases.  Coiifined  in  a 
vessel,  the  moving  particles  are  constantly  impbging  against  its  aides  and  oo- 
csMonally  agunst  each  other,  and  this  contact  takes  place  without  any  \oen  at 
motion  owing  to  the  perfect  elasticity  of  the  parHclea.  If  the  containing 
vessel  be  porous,  then  gas  is  projected  throuf^  the  open  channels,  by  the 
motion  describeil,  and  escapes.  Simultaoeousty  the  external  air  is  carried 
inwards  in  the  same  manner  and  takes  the  place  of  the  gas  which  Icavea  the 
veasel.  To  this  molecular  movement  is  dne  the  elastic  force,  with  the  power 
to  resist  compression,  possessed  by  gases.  The  malecohu'  movement  is  acceler- 
ated by  heat  and  retarded  by  cold,  the  tension  of  the  gas  being  increased  in  the 
first  instance  and  diminished  in  (he  second.  Even  when  the  same  gas  ia 
present  both  without  and  within  the  vessel,  or  is  in  contact  with  both  aides 
of  our  porous  plate,  the  movement  is  sustained  without  abatement  —  molecules 
eoDlinuing  to  enter  and  leave  the  vessel  in  equal  number,  although  nothing 
of  the  kind  is  indicated  hy  change  of  volume  or  otherwise.  If  the  gases  ta 
oonunDnication  be  difTerent,  but  poaless  sensibly  tlie  same  speciSc  gravity 
■od  molecular  velocity  aa  nitrogen  and  carbonic  oxide  do,  an  intereluuige  of 
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805.  The  movements  of  gases  within  the  plant  are  of  two 
kinds,  (1)  molecular  (see  note  on  the  previous  page),  and  (2) 
''the  movement  of  the  whole  mass  depending  exclusively  on 
expansive  force/*  These  are  generally  conjoined  in  the  passage 
of  gases  through  the  plant. 

806.  Passagre  of  gases  through  epidermis  free  from  stomata. 
The  assimilating  apparatus  in  ordinary  land  plants  consists  of 
parenchyma  cells  frequently  so  loosely  conjoined  as  to  have  very 
conspicuous  intercellular  passages,  which  communicate  with  sto- 
mata either  directly  or  indirectly.  All  of  these  parenchyma  cells 
have  walls  of  cellulose  generally  without  any  impregnation  of 
foreign  matter.  But  the  peripheral  cells  which  bound  the  whole 
as  epidermis  projxjr  are  cutinized  on  their  external  aspect,  and 
must  possess  relations  to  gases  different  from  those  presented  by 
common  parenchyma  with  uniufiltrated  walls. 

807.  Through  ordinar}'  cell-walls,  that  is,  those  which  arc  com- 
posed of  nearly  pure  cellulose,  water  passes  and  gases  diflfbse 
with  facility.  But  as  cutinized  cell-walls,  like  those  of  the  epi- 
dermis of  leaves,  are  nearly  impervious  to  water  and  to  aqueous 
vapor,  it  would  at  first  sight  appear  unlikely  that  gases  could 
make  their  way  through  them ;  such,  however,  is  not  the  case. 
Experiments  upon  epidermal  tissues  free  from  stomata  show 
that  under  ordinary  circumstances  gases  can  diffuse  through 
cutinized  walls. 

Thus  N.  J.  C.  Mtiller^  used  the  epidermis  of  the  leaves  of 
Hflemanthus  puniccus  in  three  scries  of  experiments  upon  the 
diffusion  of  different  gases.  The  membrane  employed  was,  in 
the  first  series,  two  films  of  epidermis  with  a  la^'cr  of  water  be- 
tween them ;  in  the  second,  two  moist  films  without  any  la3*er 
of  water ;  in  the  third,  two  films  joined  together  and  then  care- 
fully dried  in  an  exsiccator  at  40°  C.  The  method  used  by 
Miillcr  is  open  in  some  of  its  details  to  criticism,  but  in  a  general 
wa}'  the  results  arc  instructive.  The  following  are  the  mean 
ratios  indicating  the  rate  of  diffusion  obtained  :  — 


i 

Series  I. 

Series  XL 

Series  III. 

Hydrogen 

Oxygen 

Nitrogen 

Carbonic  acid 

100 
502 
471 
6S7 

100 
55 
73 

48 

100 
37 
80 
45 

molecules  also  takes  place  without  any  change  in  volume.    With  gases  opposed 
of  unequal  <lensity  and  molecular  velocity,  tlie  permeation  ceases,  of  course,  to 
be  e(jual  in  both  directions  "  (Philosoidiical  Transactions,  1863). 
1  Pringsheim's  Jahrb.,  1869,  p.  169. 
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808.  ExpcrimenU  by  a  wholly  differeot  method  ■were  con- 
ducted by  Itoussingault,'  upon  leaves  of  Oleander,  Bj'  a  leaf 
having  an  upper  suiTaoc  of  37,2  square  centimeters  free  from 
etomata,  and  completely  closed  oh  the  under  side  by  tallow, 
17.5  cubic  eeiitimeters  of  carbonic  acid  were  absorbed  in  a  giveo 
time. 

In  another  scries  of  experiments  Boussingault  fastened  thd  1 
under  surfaces  of  two  leaves  closely  together  by  means  of  paste, 
HO  that  only  the  nppor  surfaces  (IVoe  from  stomata)  were  exposed  I 
to  the  air;  with  these  leaves  nearly  the  same  results  were  ob-  \ 
tained  as  in  tlie  first  series. 

80'J.  PasM^  of  Kttses  IhroD^h  sloinata.  StomatA  (see  Figs. 
52  and  54)  are  practically  minute  apertures  in  thin  plateg,  and  | 
under  ordinary  circumstances  there  is  no  obstruction  to  the 
ready  posango  of  gases  through  them  IVom  the  surroundings  into 
the  interior  of  the  plant.  The  changing  pressure  caused  by  agi- 
tation of  the  folif^e  exerts,  as  it  docs  in  aqueous  transpiration, 
an  important  inHuence  in  facilitating  this  passage. 

810.  Merget'  holds  that  it  is  chiefly  through  stomata  that  | 
the  interchange  of  gases  with  the  outer  air  takes  place  in 
plant :  but,  on  the  other  hand,  it  is  claimed  by  Baitbelemy '  that 
they  play  only  a  very  subordinate  part.  Thei-e  can  be  little 
doubt  that  the  earlier  view  advanced  and  illustrated  by  Du- 
troehet,'  and  further  by  Garreau,*  is  substantially  correct ;  namely, 
that  gases  enter  and  escape  ft-om  the  plant  fl'eel)'  botli  by  difPu- 
sion  througli  the  cuticularized  cell-walls  of  the  epidermis  and  i 
by  passage  through  the  stomata. 

811.  Atmospheric  air  is  chiefly  a  mixture  of  two  gases,  oxjgen 
and  nitrogen.  The  proportions  in  which  tiiese  substances  and 
Others,  occurring  in  much  smaller  amounts,  are  found  in  dry  air 
are  usually  stated  as  follows :  — 

PropoTtloni  by  Tolame.  Proportlan*  bj  wdcbL 

Nitrogen 70.01S81  78.8399 

Oxygen 20.9*000  23.1000 

Carbonic  add 040O0  .0000 

Antnonia 00016  .OODI 


'  Agronomic,  it.,  1888,  p.  874. 

'  Comptrs  Rcnitiu,  Ixxiiv.,  1877,  p.  378. 

■  Ann.  Jes  Sc  nat.  bat.,  s^r.  G,  latiie  lii.,  1874,  p.  131. 

*  Ann.  del  Sc.  nat.,  lomo  xxv.,  1832,  p.  242. 

'  Add.  des  Sc.  bbC  bot,,  ser.  3,  tomes  zr-,  xvi. 
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Tho  first  two  substances  occur  in  ver}'  nearlj'  the  same  pro- 
portions in  free  atmospheric  air  wherever  found,^  bat  the  amounts 
of  the  last  two  var}'  within  narrow  limits. 

Besides  the  foregoing  substances,  the  following  are  also  men- 
tioned ns  having  been  found  in  dry  air  in  minute  traces :  Nitric 
acid,  nitrous  acid,  ozone,  marsh  gas,  carbonic  oxide,  solpburous, 
suli>hy(1ric,  and  hydrochloric  acids,  and  hydrogen. 

Ki2.  Under  ordinary  circumstances  the  proportion  of  car- 
bonic acid  in  the  atmosphere  does  not  increase  much  beyond  the 
amount  stated  above,  namely,  four  one-hundredths,  or  one  twent}'- 
fiflh  of  one  per  cent.^  Pettenkofer  assigns  one  twentieth  of  one 
per  cent  as  the  amount  in  the  air  of  Munich  (1,690  feet  above 
the  level  of  the  sea) . 

In  confined  spaces,  however,  the  accumulation  of  carbonic 
acid  (once  known  b}-  the  signiflcant  term  Jixed  air)  may  be- 
come HO  great  as  to  render  the  air  irrespirable.  It  was  the  con- 
sideration of  the  question  how  such  air  could  be  again  rendered 
fit  for  respiration  that  led  to  the  first  successful'  investigation  of 
the  action  of  plants  upon  the  atmosphere. 

813.  The  amount  of  carbonic  acid  found  in  ordinary  water 
which  has  been  exposed  for  a  time  to  the  air  is  sufficient  for  the 
supply  of  this  gas  to  water  plants.  The  percentage  of  the  gas 
in  tlie  atmosphere  under  ordinary  conditions  is  ample  for  all  the 
needs  of  land  plants.  The  consideration  of  the  effect  of  supplj*- 
ing  a  larger  amount  than  usual  of  this  gas  to  water  and  land 
plants,  in  order  thereby  to  influence  the  activity  of  the  assimila- 
tive process,  must  be  (Icforred  until  all  the  conditions  essential 
to  assiuiihuion  have  been  considered ;  but  it  may  be  said,  in 
passing,  that  any  large  excess  of  carbonic  acid  over  the  supply 
furnished  to  plants  in  nature  diminishes  assimilative  activity. 

1  For  a  very  iiistru<tivu  summary  of  rcsuUs  of  the  examination  of  the  air 
in  (lifTonMit  localities,  tho  reader  should  consult  *'Air  and  Rain,  the  Begin- 
ning's of  a  Chemical  Climatology,"  l»y  R.  Angus  Smith  (London,  1872). 

2  Anp:ii«*  Smith  gives  the  following  results  of  his  examination  in  1864  of  the 

air  of  ^lanchcstcr,  England  :  — 

Per  cent  of  COj  in  atmoephere. 

In  the  streets,  usual  weather 0408 

During  fogs 0679 

Where  the  fields  begin 0369 

In  close  buildings 1604 

Minimum  amount  found  in  suburbs 0291 

See  also  Ann.  de  Chimie  et  de  Physique,  1883,  for  reports  on  the  amount  of 
COj  in  the  atmosphere  of  different  localities. 
»  See  the  historical  sketch,  pp.  323,  324. 
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814.  Practical  stadj  or  assImJlatlon.  Before  examining  the 
remaining  comlitions  of  assimilation,  a  simple  experiment  is  here 
described  by  which  the  reader  can  study  in  their  proper  relations 
all  the  essential  conditions  of  the  jirocees,  and  thus  obtain  a 
clearer  idea  of  the  means  by  which  the  activity  of  assimilation 
is  measured  and  the  indispensable  character  of  the  conditions 
established. 

Fill  a  tive-inch  test-tube,  prorided  with  a  foot,  with  fresh  drink- 
ing water.  In  this  place  a  sprig  of  one  of  the  following  water 
plants,  —  Anacharia  Canadensis,  MjTiophyllum  spicatum,  M. 
verticil  latum,  or  any  leafy  Myriophyllum  (in  fact,  any  smnll- 
Icavcd  water  plant  with  rather  crowded  foliage).  This  sprig 
should  be  prepared  as  follows :  Cut  the  stem  squarely  off,  four 
inches  or  so  fiora  the  tip,  dry  the  cut  surface  quiclcly  with 
blotting-paper,  then  cover  the  end  of  the  stem  with  a  quickly 
drying  vainisb,  for  instance  asphalt- varnish  (see  113),  and  lot 
it  dry  perfectly,  keeping  the  rest  of  the  atcin  if  [wssible  moist  by- 
means  of  a  wet  cloth.  When  the  varnish  is  dry,  puncture  it  by 
a  needle,  and  immerse  the  stem  In  the  water  in  the  tcst-tnbo, 
keeping  the  varnished  lat^r  cud  uppermost.  If  the  submerged 
plant  be  now  exposed  to  the  strong  rays  of  the  sun,  bubbles  of 
oxygen  gaa  will  licgin  to  pass  otf  at  an  even  and  rapid  rate,  but 
not  too  fast  to  he  easily  counted.  If  the  simple  apparatus  has 
begun  to  give  otf  a  regular  succession  of  small  bubbles,  the  fol- 
lowing experiments  can  Iw  at  once  conducted. 

(1)  Sultstitute  for  the  fi-csli  water  some  which  has  been  boiled 
a  few  minutes  before,  and  then  allowed  to  completely  cool :  by 
the  boiling,  all  tlic  carlwnic  acid  bos  been  expelled.  If  the  plant 
is  immersed  in  this  water  and  exposed  to  the  sun's  rays,  no  luih- 
blea  will  be  evolved ;  there  is  no  carbonic  acid  within  reach  of 
the  plant  for  the  assimilative  process.    But, 

(2)  If  breath  from  the  lungs  be  passed  by  means  of  a  slender 
glass  tube  through  the  water,  a  part  of  the  carbonic  acid  exhaled 
fVom  the  lungs  will  be  dissolved  in  it,  and  with  this  supply  ot 
the  gas  the  plant  begins  the  work  of  assimilation  immediately. 

(3)  If  llic  light  be  shut  olf.  the  evolution  of  babbles  will  pi-es- 
cntly  cense,  being  resumed  soon  aller  light  again  has  access  to 
the  plant. 

(4)  If  glass  of  different  colors  be  interposed  in  the  path  of  the 
sun's  rays,  it  will  be  shortly  seen  that  orange  light  differs  from 
\-ioiet  light  in  its  effects  upon  the  rate  of  the  evolution  of  the 
bubbles. 

(5)  Place  aroond  the  base  of  the  test-tube  a  few  fragmenta  of 
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ice,  in  order  to  appreciably  lower  the  temperature  of  the  water. 
At  a  certain  point  it  will  be  observed  that  no  bubbles  are  given 
off,  and  their  evolution  does  not  begin  again  until  the  water  be- 
comes warm. 

(6)  Examine,  at  the  close  of  the  scries  of  simple  experiments, 
some  of  the  leaves  with  iodine  solution,  for  the  detection  of 
starch.  Even  with  no  precaution  the  chloroph3il  granules  will 
reveal  the  presence  of  a  considerable  amount  of  the  first  visible 
product  of  assimilation,  namely,  starch.  Lastly,  keep  a  second 
uninjured  spray  of  the  same  plant  in  the  light  for  a  time,  and 
then  in  darkness  for  a  day  or  two,  after  which  examine  it  for 
starch ;  probably  after  this  lapse  of  time  no  starch  can  be  de- 
tected, for  although  it  has  been  made  in  the  light,  in  darkness  it 
has  been  consumed  in  the  various  activities  of  the  plant. 

815.  Accoixling  to  the  accepted  theory',  light  consists  of  waves 
which  are  set  in  motion  in  a  tenuous  elastic  medium  termed  the 
ether.  The  existence  of  this  medium  is  made  known  to  us  only 
by  the  phenomena  which  light  itself  presents ;  but,  having  as- 
sumed its  existence,  the  phenomena  of  light  can  be  explained. 
The  tenuity  of  this  medium,  which  fills  all  space,  far  exceeds 
that  of  any  known  gas,  and  its  elasticit}'  is  far  higher  than  that 
of  any  known  elastic  solid.  In  it  a  luminous  body  sets  in  mo- 
tion undulations  which  produce  upon  the  retina  the  sensation  of 
light;  upon  differences  in  the  amplitude  and  the  duration^  of 
these  undulations  depend  differences  in  the  intensity  and  the 
color  of  the  light  which  reaches  the  eye.^ 

1  The  terms  just  employed,  namely,  amplitude  and  duration,  seem  hanlly 
applicable  to  waves  of  such  incredible  minuteness  and  velocity  as  those  named 
in  the  following  table  :  — 


Color  of 

Number  of  waves  of  light  In  one 

Length  of  each  wave. 

light 

second  of  time. 

lied     .     . 

.     .     477  millions  of  millions. 

6501 

inillionths  of  a  millinr 

Orange     , 

.     .     .     COG 

609 

Yellow     . 

.     .     .     535 

576 

Green 

.     .     577 

536 

Blue   . 

.     .     .     «22 

4dS 

Indigo 

.     .     .     «30 

470 

Violet 

.     .     .     0'J& 

442 

'  **The  intensity  of  the  luminous  impression  must  depend  upon  the  force 
of  the  atomic  blows  which  are  transmitted  to  the  optic  nerves,  and  it  is  also 
evident  that  this  force  must  be  pro]x)rtional .  to  the  square  of  the  velocity  of 
the  oscillating  atoms,  or,  what  amounts  to  the  same  thing,  to  the  square  of  the 
amplitude  of  the  oscillation  ;  assuming,  of  course,  that  the  oscillations  are 
isochronous.     The  connection  of  color  with  the  time  of  oscillation  is  not  so 
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ain.  Light  and  swImUalloii  proper.  Enci^y  has  bcon  deliDcd 
83  the  power  of  doing  work.  Of  lliU  tliere  are  two  ty|W8  :  IU« 
energy  of  actual  motion  (someUmes  tenacd  kinetic)^  and  the 
ctiprgj'  of  position  (known  as  potential).^  The  Illustration  of 
their  difference  is  usually  given  as  follows :  A  ball  thrown  uj>- 
wanls  bs9  the  power  of  overcoming  the  force  of  grarity  tending 
to  pull  it  down,  and  possesses  energy  of  motion;  supijose  ttio 
ball  at  the  end  of  its  course  is  lodged  upon  some  projecting 
shelf,  then  its  energy  of  motion  disappears,  and  it  now  pos- 
sesses energy  of  position.  Whenever  it  is  dislodged,  it  will  fall 
with  the  same  power  wlaich  was  required  for  its  ascent.  From 
tliis  and  similar  examples  it  is  plain  that  one  form  of  enei^ 
can  be  changed  into  anoUier;  when  one  seems  to  disappear, 
it  has  in  fact  merely  been  converted  into  some  other. 

817.  These  types  of  energy  are  to  I>e  found  in  molecules  .-is 
well  as  in  masses  of  matter.  It  ia  held  that  nil  molecules  of  all 
matter  are  in  a  state  of  motion,  invisible,  but  none  the  less  real. 
One  form  of  such  invisible  kinetic  energy  is  heat,  and  another 
is  radiant  light,  where  the  energy  of  motion  is  emlxxlied  in  tho 
vibrations  or  undulations  of  the  ethereal  medium.  A  thii'd  form 
is  that  presented  by  electricity ;  and  still  another,  with  which 
Physiology  deals  espeeially,  is  known  aa  chemical  separation,  of 
which  a  familiar  illustration  may  be  given  ;  An  atom  of  oxygen 
has  so  strong  an  attraction  for  one  of  carbon,  that  if  the  two 
are  united,  it  is  difficult  to  separate  them,  the  force  required 
to  do  this  Iwing  comparable  to  that  demanded  to  raise  a  weight 
to  a  ceilain  height.  As  in  the  latter  case  tlie  weight  held  in 
its  raised  position  represents  by  that  |K)aition  the  force  wiiich 
was  employed  to  raise  it,  so  tho  separated  atoms  represent 
energy  of  position  ready  to  be  again  converted  into  energy  of 
motion.*  i 


ohrioiis  ;  anil  wli^  it  ia  that  tho  iravesi  of  ether  beatuig  with  greater  or  lesa  rapid- 
ilyon  thn  reliiin  slmulil  proluci!  siirh  senutionii  u  those  of  Tiolet,  blue,  yelloir, 
or  red,  tho  phyaiologiit  u  oboUf  nnable  to  eiphiin.  Wc  havF,  however,  an 
■nalognni  phenomenon  in  aonod,  for  innncal  notes  an  simply  tlut  elTeeta  ot 
wiires  of  air  beating  in  a  Bimilar  tray  on  the  auditory  nerres  ;  and,  a>  ii  well 
known,  the  gnnlvr  ibe  Treiiiiencj  of  the  bests,  or,  in  other  worda,  the  mora 
rapid  the  occilUtions  of  the  oerul  molecules,  the  higher  is  the  jiilch  of  tlie  note. 
Red  volor  eoirespoDds  to  low,  and  violet  Ut  high  note*  of  mtuie,  and  the  gta- 
dations  of  color  between  theae  extrenies,  paaung  through  variona  thndea  of 
yellow,  gnwn,  blue,  and  indigo,  correspond  to  the  well-known  gradation 
inuaiiTfil  |>ituh  "  (Cnoke;  Chemical  Fhiloaordiy,  1S62,  p.  isfl). 

'  It  is  seldom  that  one  of  theae  fonna  of  molecular  enersy  when  exhibitnl  in    i 
the  phenomena  of  living  beings  is  not  aaodated  with  some  other  farm.    Thna  j 
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818.  The  conversion  of  tlie  energy  of  the  motion  of  the  etb^  ^ 
real  meilium  (in  radiant  light)  into  chemical  separation  of  oxy- 
gen from  the  carbon  of  carbonic  acid,  and  the  production  of 
tills  treasured  energy  under  other  forms,  is  the  chief  office  of  the 
plant. 

819.  Attention  has  already  been  called  (see  page  306)  to  t 
well-known  fact  tbat  a  beam  of  sunliglit  is  composed  of  rays  o 
lines  of  undulations  differing  both  iu  respect  to  their  amplitude  ' 
and  velocity.    Hence  it  is  to  bo  expected  that  in  their  action  on 
tlic  plant  these  rays,  which  arc  in  fact  vehicles  of  kinetic  encrgj', 
must  have  diverse  elTecta. 

820.  Clftsslflcatian  of  the  TAJ'S  of  the  gpectmm.     When  n 
of  sunlight  is  transmitted  through  a  triangular  prism,  it  isbrokeal 
up  into  its  constituent  rays,  which,  falling  upon  a  screen,  form" 
what  is  known  as  a  spectrum.      The  coloi's  of  the  spectrnm 
grade  from  red   at  one  end,   through  orange,  yellow,  green, 
blue,  and  indigo,  to  violet.     The  violet  rays  are  bent  Airlber 
from  their  course  by  the  prism  than  any  of  the  others  above 
spoken  of,  and  hence  are  termed  the  most  rctVangiblc ;  exjierir  1 
ment  has  also  shown  that  these  highly  refrangible  rays  are  mostl 
efficient  in  producing  the  chemical  cliangcs  long  known  to  bej 
attributable  to  light;  for  this  reason  they  have  been  denomi-f 
nated  chemical  (or  sometimes  actinic)  rays.     The  red  rays 
bent  far  less  from  their  course  than  any  of  the  others  above  mea-  ~ 
tjoned,  and  hence  they  are  termed  the  least  refrangible.     It  is 
at  the  red  end  of  the  visible  spectrum  that  the  greatest  amount 
of  heat  b  found.    The  rays  which  constitute  yellow  and  orango 
light  are  of  medium  rcIVangibility  ;  they  are  the  most  distinctly 
luminous.     It  is  proper,  therefore,  for  convenience,  to  distin— r 
guisb  rays  of  tlie  scJar  Bi^ecti-um  as  chemical,  luminous, 
heat  rays,  according  to  the  dominant  effect  which  thej-  produce. 
But  it  should  be  slated  that  each  of  these   three  groups  maj 
share  some  of  the  work  specially  belonging  to  the  others ;  and 
further,  that  beyond   the  visible  spectrum  are  rays  which  are 
efficient  in  accomplishing  certain  kinds  of  work.     These  latter  _ 
are  known   respectively  as  the  ultra-violet  and  the  ultra-redd 
rays. 

Before  examining  the  action  of  these  different  rays  of  light  ^ 
upon  the  assimilative  activity  of  chlorophyll  granules,  inquiry  1 
must  be  made  as  to 

tibsorption,  wbicb  u  csKCtinlly  n  procesa  of  tnoUtular  adhesion,  is  accompuiiw 
u  is  capillary  sttractioa,  by  elmitrii^al  ilistiirhaiii'[?<i.     la  no  cue  i^  eaergy  lott  i) 
one  form  diuppeus  only  to  reappear  in  some  other. 
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S21.  The  deptk  ta  which  light  can  penetrate  grreen  tlBsoes.  Tlita 
can  1>e  a3cei-Uiine<l  approximately  by  a  simple  appuratus  sug- 
goatcd  by  .Sactis.'  A  pastcboarti  tube,  a  fuot  or  so  in  length 
and  alK)Ut  an  inch  in  diameter,  is  cut  at  one  end  so  as  to  tit 
around  the  eye  very  closely  and  allow  no  rays  to  enter  except 
through  the  other  end  of  the  tultc.  If  a  thin  leaf  be  placed 
over  tlic  distal  end  of  tlic  tuba,  and  it  be  held  towards  a  bright 
light,  a  large  portion  of  the  light  will  be  received  by  the  eye. 
If  leaf  aricr  leaf  be  placed  over  the  first,  the  green  color  soon 
gives  way  to  a  dull  red,  and  finally  is  escinded  altogether. 
The  same  apparatus  shows  to  what  deptli  light  can  penetrate 
superposed  layers  of  green  cells  Ijiken  from  a  stem  or  from  thick 
leaves.' 

822.  The  qoallt;  of  the  light  which  penetrates  a  loaf,  or  which 
has  passed  through  one  layer  of  cells  containing  chlorophyll,  is 
shown  by  means  of  the  spectroscope.  From  what  has  been 
shown  (p.  2'JG) ,  it  is  clear  that  tlie  light  which  acts  on  the  cells 
below  the  first  layer  exposed  to  the  sun's  rays  must  be  difl'erent 
IVom  the  incident  rays  themselves.  The  light  which  reaches 
the  deeper  tissues  of  a  leaf  has  passed  through  more  than  one 
film  of  green  tissue. 

823.  The  degi-ee  of  intensity  of  white  (that  is,  nncolored)  light 
most  favorable  to  assimilation  has  not  been  determined  with 
certainty.  The  lowest  limit  at  which  any  assimilation  has  been 
observed  is  considerably  above  that  at  which  etiolated  chloro- 
phyll tiims  green.' 

824.  It  has  been  shown*  tliat  very  intense  white  light,  even 
alter  it  has  been  deprived  of  nearly  all  of  its  heat  rays,  caa 
destroy  the  vitality  of  vegetable  cells.  Considerably  before  the 
death  of  the  cells  from  this  cause,  the  chlorophyll  granules  in. 
them  lose  all  tbeir  coloring- matter,  even  when  they  presei-ve  , 
their  general  form,  and  having  once  lost  their  green  color,  do 
Dot  atierwaixls  regain  it. 


L 


'  Hunilbuth  dcr  F.lperiroenlal- physiologic,  1865,  p.  S. 

*  But  it  hiis  been  aliown  by  Haukfl  that  the  angle  at  vhicb  ■  beam  of  light 
atrikra  a  pUts  of  ginwt  makes  a  noticeable  di&ereuce  in  the  amgant  or  the  vliiFnii.  ^ 
cal  nja  which  cau  p«as  throngh  it ;  thos  while  at  a  vertical  angle  81  per  cent 
of  the  nys  are  trauamitted,  the  rest  being  abiorbeil,  at  an  angle  of  30°  tli« 
unaunt  transniitted  ia  rediiced  to  71  per  cent,  and  at  80°  to  33  per  cent.  The 
•nbJKt  lu  n<Iating  to  plants  has  not  retximl  the  attention  it  dwcme  (Bi-richte 
tlber  din  Verhanillungpn  der  SachilBchen  OeaelUnhaft  der  WiawnacbiiXlen), 

■  Sachi :  Eiperimcntal-physiologie,  1365,  p.  8. 

*  J*ringiilieim  :  HonataberichlA  der  Berlin  Akademie,  1S79. 
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S'25.  Colored  light  mi  asHlniilatloii.  Daubeny.  In  1835,  was 
the  first '  to  experimeDt  syatematically  upon  this  subject.  His 
method  *  of  investigation  was  as  follows:  "A  certain  number 
of  fresh  leaves,  which  presented  in  each  case  an  extent  of  surface 
us  nearly  as  possible  equal,  and  had  been  previously  ascertained 
to  gi\-c  out  eqnal  quantities  of  oxj  gen,  were  introduced  severally 
into  jara  filled  with  water  impregnated  with  carbonic  acid  gas, 
placed  on  the  surface  of  a  pneumatic  trough,  and  exposed  for 
s  certain  time  to  the  influence  of  the  solar  rays.  The  jars  in 
which  the  leaves  thus  selected  stood,  were  severally  covered 
over  by  a  wooden  screen  which  intercejitcd  all  light  from  the  in- 
cluded Jar,"  excepting  in  frout,  where  a  frame  was  fitted,  into  which 
(1)  colored  glass  or  (2)  flat  bottles  filled  with  dilferently  colored 
liquids  could  be  fastened,  so  that  the  light  reaehug  the  leaves 
iK>uId  be  variouiily  modified.  Tha  amount  and  character  of  tiie 
gas  escaping  into  the  upper  part  of  each  jar  were  carefully 
determined.  The  leaves  used  were  those  of  Biasaica  oleracea, 
Salieoruia,  Fucus,  Tussilago,  Cochlcana  Amioraeia,  and  Mentha 
viridie.  Besides  plain  glass,  Uie  following  colored  varieties  were 
employed :  orange,  red,  blue,  jiurple,  green ;  while  the  liquids 
usdl  werc,  for  blue,  ammoiiio-sulphate  of  copper,  and  for  red, 
port  wine. 

In  all  cases  Pnulieny  determined  the  amount  of  gas  given  off' 
by  the  leaves,  and  afterwaitls  analyEcd  it  in  order  to  ascertain 
the  percentage  of  oxygen.  He  concluded  fiom  his  experi- 
ments,* "that  the  efiect  of  light  upon  plants  corresponds  with 
its  illuminating  rather  than  with  its  chemical,  or  its  calorific 
influence." 

826.  J.  W.  Draper,  in  1844,  published  an  acconntof  bis  ex- 
periments upon  the  relations  of  green  plants  to  light,  as  regard^i 
the  amount  of  assimilative  activity  indicated  by  the  oxjgen  given^ 


1  Seni^bipr  nnil  otliprs  hul  iilr«i>l<'  condui^teil  wmo  inconi^liuive  cxperiniesti 
in  nearly  Iht  anmo  Bi'ld. 

•  On  the  Action  of  Light  upon  Plants,  and  of  Plnnta  upon  the  Atuioftphaiwi 
(Philosophical  Trsiunolinns.  ISSS,  p.  14B}. 

The  actiTity  of  auimilBtion  proper,  as  will  be  s««n  Intrr,  can  be  measursl 
with  a  vpry  close  ■pproximstion  to  aecnwoy,  hy  ihp  wnoiint  of  oxyguo  g*i 
wliich  is  set  free  fnini  the  agsimilstiDg  tissues,  or,  wlist  NiaounU  to  vubBiui- 
tiitUy  the  same  thing,  by  the  unouiit  of  carbonic  meid  JpconipoBed  liy  tlieni. 
For  the  (nice  of  uniformity,  the  word  atnimiliUion  is  to  be  used  in  the  follow- 
ing paragraphs,  even  where  the  authorities  rited  refer  to  the  procera  vwlw 
the  terms  dccompoiition  of  earbmic  acid,  rcolulion  of  orygtn,  etc.  Tho 
wnimilation,  in  its  restricted  sense,  was  adopted  by  Sachs  (1S63). 

*  PhiloBophitial  Transactions,  1S3S,  p.  IGl. 
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duapeh's  experiments.  Bill 

offdiiiingcxpoBiire  to  (lifTcrent  rays  of  the  solar  siwctmm.  From 
bis  results  it  appears  that  "the  rays  wlik-h  cause  the  decompoel'- 
tion  or  carbouic  acid  gas  have  the  same  place  in  the  si>ectrum  aa 
the  orange,  the  jellow,  and  the  green ;  the  extreme  red,  the  blue, 
the  iocligo.  and  the  violet  exertiug  no  perceptible  cflect."  * 

Draper  lavs  great  stress  Dpon  the  interesting  fact  previously    I 
noticed  by  Uaiibeuy,  that  the  chemical  rays  appear  to  have  no   I 
effect  upon  the  work  of  ossimilatioD.     He  does  not,  however, 
offer  any  explaoatiou  of  the  curious  fact  that  the  chemical  actir- 
ity  of  the  plant  is  dependent  upon  other  rays  than  the  chemical   | 
for  its  excitation. 

827,   The  principal  results  obtained  with  submerged  water   I 
plants  by  Cloez  and  Gratiolct,'  who  exposed  Potaraogeton  and  ■ 

1  A  TreatiH  oa  the  Forces  which  produce  the  OrgiuiizatioD  at  Plants,  IS4i, 
pk  177.  The  method  oT  eiperiiuentiiig  ii  detailed  b;  Draper  a*  fullows : 
"  Having,  bj'  long  boiliag  and  nibMquaiit  coaliug,  obtaincil  trater  freu  from 
diuulved  air,  I  aaturated  it  witli  carbonic  add  gas.  Some  grass  leans,  tlM 
Mriacei  or  wliich  were  carerully  Tived  from  an;  adherent  bubbles  or  films 
of  air  by  having  been  ke|it  beneath  carbonatol  water  for  three  or  four  day*, 
won  (irorided.  Seven  ghus  tubes,  each  half  an  inch  in  dianiptar  and  sU 
inchea  loog,  were  Ule<l  trith  carbonated  water,  and  into  the  apper  part  of  each 
tbs  aame  nnmber  of  Uadea  of  gian  wen  |iUceiJ,  ouv  b^ug  taken  to  hare  rU 
M  near  aa  could  ba  alike.  The  tubea  were  inserted  aide  by  side  in  a  small 
poenuatic  trough  of  (wrcelain.  It  ia  to  be  particularly  remarked  that  the 
blidca  were  of  a  pure  greun  aspect,  M  seen  in  the  water ;  no  glistening  aii^ 
fltin,  such  as  ia  always  on  freshly  gathered  leave^  nor  any  air  bubbles,  were 
atbuJiul  to  tliem.  Great  care  was  taken  to  secure  this  perfect  froedum  from 
air  at  the  outsrt  uf  the  experiments. 

*'The  little  trough  was  now  placed  in  such  a  position  tlut  aaalar  spectrum, 
kfpt  motionless  by  a  hdioitat  and  dispersed  by  a  flint-glass  prism  in  a  hori- 
lonlal  direction,  fell  upon  the  tultea.  liy  bringing  the  tron^  nearer  to  tite 
prism  or  moving  it  fanher  off,  the  difleri'ut  colored  spaces  could  tie  nuule  b> 
bll  at  pleasure  on  the  inverted  tubea.  The  beoni  of  light  was  about  threo 
foaiths  of  an  inch  in  diameter.  In  a  few  minutes  after  the  oommcncement 
of  the  eipertmeat  tlie  tubes  on  which  the  oiKugc,  jellow,  and  green  light  fell 
eotntneuced  giving  off  minute  ^a  bubbles  ;  and  in  about  au  hour  and  a  half 
a  quantity  was  collected  auJfideut  for  accoiste  measurement. 

"The  gas  thus  collected  in  each  tube  having  been  transferred  to  anotbor 
venel  aud  its  quantity  determined,  the  little  trough,  with  oil  its  tubes,  waa 
fr«el;  exposed  lo  the  sonshine.  All  the  tubes  now  commenoed  actively  evolv- 
ing 0u,  whiuh,  when  collected  and  measured,  served  to  show  the  capacity  of 
each  tube  for  carrying  on  the  process.  If  the  leaves  in  one  were  nxite  sluggish, 
or  exposed  a  smaller  surface  than  the  others,  the  quantity  of  gas  evolved  in 
that  tube  was  oorropoodingly  laM.  As  may  be  readily  supposed,  I  never 
oonld  get  tube*  so  amnged  ai  to  act  piteaeljf  alike  ;  but  after  a  little  practice 
1  brought  thorn  auffiuiently  near  to  equality.  And  in  no  instnnoe  waa  this 
teating-proceas  of  the  power  of  each  tube  for  evolving  gas  omitted  after  the 
exp«nmant  in  Uih  spwctntm  was  over." 

■  Annales  do  Chimie  et  de  Physique,  ter.  S,  tome  uxU.,  ISSl,  p.  ST. 
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Mjriophyllam  to  the  action  of  light  colored  by  passing  through 
glass,  may  be  stated  as  follows :  The  activity  of  the  plant  in 
decomposing  carbonic  acid  diminishes  with  glasses  used  in  the 
order  given:  (1)  uncolored^^ ground" glass,  (2)  yellow,  (8)  on- 
colored  transparent  glass,  (4)  red,  (5)  green,  (6)  blue.  By  all 
the  experimenters  now  referred  to,  the  evolved  gas  was  collected 
and  examined. 

828.  Measurement  of  tlie  anonnt  of  aastmllatiom.  Sachs,  in 
1864,  appears  to  liave  been  the  first  to  employ  the  now  well- 
known  method  of  measuring  the  activity  of  the  assimilative 
process  by  counting  the  bubbles  of  gas  which  are  given  off 
by  a  submerged  water  plant  (see  814).  Since  the  gas  given 
off  by  the  plant  is  not  pure  oxygen,  but  is  variable  in  compo- 
sition,^ the  method  cannot  be  regarded  as  sufficiently  precise 
for  very  accurate  experiment ;  but  as  it  admits  of  such  rapid 
change  in  all  external  conditions,  it  answers  for  all  practical 
purposes. 

829.  The  effect  of  colored  light  upon  the  assimilative  activity 
of  plants  not  submerged,  as  in  the  above  experiments,  but  in 
the  air,  was  first  examined  by  CaiUetet,*  in  1867.  He  placed 
the  plant  under  bell-Jars  containing  air  with  eighteen,  twcnty- 


^  For  remaiks  npon  the  possible  errors  which  may  attend  the  use  of  this 
method,  consult  MUller  (Pringsheim's  Jahrb.  vi.,  1868,  p.  478). 

*  L.  Cailletet  placed  leaves  in  jars  filled  with  air  containing  from  18  to  SO 
per  cent  of  carbonic  acid,  and  then  exposed  these  to  light  which  had  passed 
through  colored  glass.  In  one  case  the  light  was  transmitted  through  a  solu* 
tion  of  iodine  in  carbon  bisulphide.  After  an  exposure  of  from  eight  to  ten 
hours,  the  amount  of  carbonic  acid  remaining  undecomposed  by  the  action  of 
the  leaves  was  found  to  be  as  follows  :  — 


Mediom. 

Per  cent  of  carbonic  add 
in  the  air. 

Bemarks  as  to  chemical  activity 
of  light 

18  p.  c. 

21  p.  c 

80  p.  c. 

Iodine  in  OS, 
Green  glass 
Violet  glass 
Blue  glass 
Bed  glass 

Yellow  glass 
Qroand  glass 

18 
20 
18 
17 
7 

6 
0 

21 
80 
19 

16.fi0 
6.60 

1 
0 

80 
37 
28 
27 
23 

18 
2 

Photographic  paper  not  blackened. 

ilrgentic  chloride  slowly  discolored. 

Sensitive  paper  blackened  rapidly. 

(t                 <•                 «< 

No  blackening  of  argentic  chloride 

or  sensltitod  paiter. 
Paper  not  blackened. 
Paper  discolored  rapidly. 

Two  points  must  be  specially  noticed  :  (1)  the  striking  effect  of  the  lai^ge 
amount  of  carbonic  acid  in  the  third  series  ;  (2)  the  anomaly  presented  by  the 
green  glass,  which  is  quite  unexplained.  It  is  to  be  regretted  that  no  fuller 
account  of  the  character  of  the  gksses  used  is  given  (CJomptes  Rendus,  Ixv., 
1867,  p.  822). 
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one,  or  lliuty  per  cent  of  carbonic  acid,  and  mndc  of 

green,  blue,  violet,  and  colorless  glass.     His  results  agree  la   t 

general  witL  those  obtained  by  the  other  methods. 

630.  In  1870  f\irthcr  in^'CStigatio^s  in  the  saine  subject  were 
made  bj  Pfeffer.'  The  foUowing  is  a  rteut/te  of  the  results  of 
hia  experiments  with  the  leaves  of  five  diffti-ent  plants  exposed 
to  colored  light :  Only  the  visible  rays  of  tlie  epectruin  cause 
decom|>osition  ofcarbouic  acid ;  and  in  this  process  the  brightest, 
that  is,  tlie  yellow  rays,  are  as  efficient  as  all  the  otiiers  token  to- 
gether, while  the  most  refrangible  rays,  those  which  act  most  en- 
ergetically upon  chloride  of  silver,  have  only  very  slight  influence 
upon  the  work  of  assimilatiun. 

Every  color  of  the  spectrum  may  be  said  to  possess  a  specific  ' 
quantitative  influence  njion  assimilation.  This  influence  r 
unchanged  whether  tlie  color  is  isolated,  combined  with  c 
with  all  the  other  colors  of  the  spectrum  when  it  acts  upon  a  J 
part  of  a  plant  containing  chlorophyll. 

831.  Examination  of  the  spectrum  of  chlorophyll  (779)  shows  J 
that  the  part  of  the  sp<s;trum  which  absorbs  most  of  the  rays  i 
that  which  is  pre-eminently  its  chemical  end ;  but  by  all  the  ob- 
servers whose  results  have  been  cited  in  the  text,  it  is  held  that 
the  chemical  end  is  that  which  is  least  efllcicnt  in  assimilation. 
Witli  the  exception  of  the  narrow  though  strong  absorption-band 
in  the  red,  all  the  deep  absorption- bands  of  chlorophyll  and  its 
solutions  belong  at  the  violet  or  chemical  end  of  the  spectmm. 
Uuller  and  Timiriazcff,  cited  in  the  notes,  have  endeavored  to 
investigate  this  anomaly. 

832.  Timiriazeif,'  in  a  scries  of  researches  in  1877,  Pxperi-    ' 
mented  upon  the  slender  leaves  of  Bamboo,  which  he  placed 
in  tubes  of  small  calibre  containing  air  of  known  (.■omt>osition, 


1  ArbcitoQ  dea  boUD,  lest,  in  WUrcburg,  1671,  p.  1. 

The  roUowing  works  luuy  also  be  cited  ;  — 

A.  von  WolkofT,  Eiiiige  UnteiBiichungen  iiber  die  Wirkaiif;  i^ea  I.ivtitrs  ran 
TBiwbiedeiier  Inteaaiult  anf  die  AnsBoheiduiig  d«r  Gaae  durch  WwuiitpQauzeo. 
Pringth.  .lahrb.,  v.,  ISSS,  p.  1. 

Adolf  Hayer,  Prodnction  von  organiEcher  Pflanzm-SQWlanz  bei  Aiuschluis 
der  chianiiclioo  [Jchwtralileii,  Verauclia-StalioiiLOi,  ix.,  1887,  p.  39fl. 

N.  J.  C  MtlUcr,  Untereuchangen  ilbBT  die  Diffusiiin  der  atmaephariarlieoi 
GuH  in  Jkt  Pflunze  iind  die  GtuaiuBcheiduag  uotcr  versrbicdenen  BvlcuohU 
nngsbedingunsen,  Pnogab.  Jabrb.,  li.,  1867,  478  ;  uid  vii.,  ISiIB,  115. 

Tilniriiueff,  BotaniatbB  Zfitung,  1869,  p.  169. 

PriUJciw.  Ann.  des  Sc  nat.,  ait.  5,  torao  »..  18SD.  p.  SOS, 

BaTanPtzky,  Botnniache  Z«itung,  IBTI,  p.  193. 

■  Aonalea  de  Chimic  et  de  Fhjaique,  ler.  G,  tome  sii.,  1877,  p.  ZS5. 
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snd  exposed  to  different  parts  ol  a  loi^  spectrum  foimcd  by 
hollow  prism  filled  with  carbon  bisulpbide.    By  cinploying  a 
rower  slit  Tor  the  liglit  than  that  used  by  previous  c?(perimeDtei 
be  obtained  an  exposure  of  tlie  leaves  to  a  verj-  limited  por 
of  the  B]>cctrum  ;  and  to  this  diffcreDcc  in  liis  a|>paratus  he  ehieflj 
attributes  hb  results,  which  arc  at  variance  with  those  of 
predecessors.     Assuming  that  the  results  of  his  analysis  of 
evolved  gas  are  accurate,  they  indicate  tliat  the  amount  of 
bonic  acid  decomposed  by  leaves  is  pro[Hirtioiia]  to  the  di 
bution  of  elective  calorific  cnei-g}-  in  the  siJcctrum. 

Timiriazeff'  does  not  himself  attempt  to  apply  his  results  t 
explanation  of  tlie  peculiar  relations  of  Ibe  rays  of  Ibe  speetrnia 
to  assimilation ;  but  Van  Tlcghem,  who  substanliall}'  adopts  the 
pcsnlta  of  Timiriazeff  without  question,  gives  the  following  appli- 
oation  of  them  to  the  associated  phenomena.  He  calls  atten- 
tion to  the  fact  that  the  maximum  of  decomiwsition  of  carbonic 
Bcid,  under  the  conditions  of  Tiiniriazeff's  experiments,  takes 
place  at  the  deep  absorption-band  of  chlorophjll,  between  B 
anil  C ;  and  tlierefore  concludes  that  the  decomjMsition  of  car- 
bonic acid  by  leaves  exposed  to  solar  raduition  dci)cnds  on  two 
elements:  (1)  the  elective  absorption  of  the  chlorophyll,  and 
(2)  the  calorific  enet^y  of  tlic  absorlie^l  radiations.  According 
to  this  view,  the  most  efBcient  radiations  must  he  those  wiiich, 
being  best  absorbed  by  Ihe  chlorophyll,  possess  at  the  same  time 
the  greatest  calorific  energy.  Hence,  (I)  the  extreme  red  and 
the  dark  heat-rays,  in  spite  of  their  extraordinary  calorific  cnei^', 
have  no  effect,  because  they  pass  through  chlorophyll  without 
visible  absor|ition ;  and  (2)  the  blue  rajs,  which  are  verj-  strongly 
absorbed,  exert  scarcely  any  effect,  owing  to  tlieir  feclile  calorifio 
energi-.* 

tiSS.  The  results  obtained  by  Timiriazeff  arc  conGrraed  in  a. 
striking  manner  by  those  of  Engelmann,  who  finds  that  for  greea 
cells  the  absolute  maximum  of  assimilative  activity  lies  in  the 
red,  between  the  lines  B  and  C,  at  the  point  of  the  first  and  most, 
pronounced  absorjition-band  of  chlorophyll,  and  that  there  ig 
also  more  or  less  activity  in  the  blue  at  F.  If  the  cells  are  not 
of  a  green  color,  the  maximum  of  activity  is  in  some  other  point ; 
thus  in  the  case  of  bluish-green  cells  it  is  in  the  yellow,  and  in 
tiiat  of  red  cells  in  the  green. 

Engclmann's  method  is  based  uiwn  the  extraordinary  sensi- 


r,  6,  toniu  lu.,  1877,  p.  30t 
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tivctiess '  of  certain  bacteria  to  the  presence  of  free  oxygen.  By 
an  ingenious  device,  simple  in  its  Application,  it  is  jiossible  to 
determine  the  parts  of  tlic  spectrum  in  wliich  an  ossi  mi  luting  cell 
or  flbmeut  gives  olT  oxygen  most  copiously.  Under  the  stage 
of  the  microscope  is  placed  a  microspeclrosco|te,  which  throws 
a  clear  spectrum  upon  any  object  on  the  glass  slide  in  its  place 
on  the  stage,  for  instance  a  lllament  of  an  alga.  The  alga  is 
placed  upon  the  slide  in  water  which  contains  numbers  of  the 
common  Uacteiium  (B.  Termo),  easily  procured  from  putrescent 
matters.  If  it  is  kept  from  the  light,  or  is  exposetl  to  only  very 
faint  light,  all  assimilative  activity  is  suspended,  and  the  bacteria 
after  B  time  ore  quiescent.  But  when  light  in  sufScient  amount 
is  permitted  to  pass  through  the  specimen,  assimilative  activity  is 
at  once  manifested,  and  the  evolution  of  oxygen  from  the  Glament 
brings  the  bacteria  into  rapid  movement.  If,  instead  of  white 
light,  the  rays  fi'om  the  spcotroacopc  are  passed  through  the 
Hpecimcn,  the  activity  of  the  bact«ria  is  equally  manifest,  but  it 
is  conQned  to  s  comparatively  small  part  of  the  spectrum  ;  the 
bacteria  collecting  cliieRy  at  the  points  which  sro  known  to  coin- 
cide with  the  absoriition-bands  of  chlorophyll.*  When  a  some- 
what thick  cell  is  employed,  there  is  a  noticeable  diiferencd 
between  the  amount  of  acti\-ity  on  its  upper  aud  under  side. 
The  figures  show  tlie  ratio  of  activity  of  assimilation  between 
the  underside  first  exposed,  and  the  upper  side  which  receives 
light  that  has  first  passed  through  a  green  film. 

B-o.  D.  nta  E-b.  F.  Fttt 

Lower    ....     l'"i.  *8.5  87.  21-  3fl.5  10. 

Vp|wr     ....        St).  5  S4.  100.  G3.  22.  12. 

It  is  to  be  noted  that  Engelmann  did  not  in  any  cose  Bnd  any 
assimilation  in  nncolored  chlorophyll,  even  when  the  light  was 
tempered  by  the  interposition  ofa  colored  medium  (compare  850).* 
He  has  proved  tliat  assimilation   proi>er  takes  place  only  in 

'  According  to  Engulniann,  the  MusiliTrnesn  of  1»cterin  is  to  gmt  that  by 
their  unction  tlie  trillioiith  [-art  of  n  milli^^m  of  oxygioi  can  lie  delecled 
(BotanJache  Zeitung.  18S3,  |i.  4).  Clerk  Maxwell's  fltUninle  of  tlie  wditlit  of 
■  inolecaln  of  oiijgen  was  Diie  thirteen  trilliouth  of  a  millignun  {PliilosDjibiad 
MngaEine.  1S73.  p.  453). 

•  It  is  interesting  to  oonipire  iht^e  delermi notions  of  the  point  of  gresti^ 
uiimilatire  efficiency  in  the  B{iDctrnin  with  the  results  of  lanfflev's  irwrnrhei 
upon  the  tli»tribntion  of  energy  in  tbe  gpcctnun  (American  Journal  of 
Mf.,  188S.  p.  168). 

*  BoUnische  Zeitim)^  1S82,  p,  410 ;  1883,  p.  17. 
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protoplasm '  which  contains  coloring-mater,  as  for  instance  the 
chlorophyll  granules,  the  colored  granules  in  algse,  etc. 

884.  Artilldal  light  and  asslmllatioB.  De  Candolle  ^  exposed 
the  submerged  leaves  of  several  species  of  plants  to  the  light 
emitted  by  six  Aigand  lamps,  and  failed  to  obtain  thereby  any 
evolution  of  gas.  He  estimated  that  the  lamps  had  about  five 
sixths  of  the  intensity  of  sunlight  In  this  experiment  the 
light,  though  insuflSdent  to  cause  the  evolution  of  gas,  restored 
etiolated  plants  to  their  original  green  color. 

885.  When,  however,  a  submerged  water  plant  is  exposed  to 
the  rays  from  a  calcium  light*  (as  that  of  an  ordinary  projecting 
lantern),  there  is  a  copious  evolution  of  gas  fh>m  its  leaves.  The 
light  fh>m  burning  magnesium  wire  is  also  sufficient  to  cause  the 
decomposition  of  carbonic  add  and  the  evolution  of  oxygen.' 

886.  The  influence  of  the  eleetrle  light  upon  assimilation  has 
been  investigated  by  numerous  observers.  Deh^rain,  who  ex- 
perimented in  the  Palais  de  Tlndustrie,  in  Paris,  found  that  the 
total  assimilation  produced  in  the  leaves  of  Anacharis  Canaden- 
sis, during  an  exposure  for  five  days,  was  not  equal  to  that  which 
followed  exposure  to  sunlight  for  a  single  hour.  He  observed 
also  an  injurious  eflbct  in  the  case  of  certain  decorative  plants 
exposed  to  the  rays  of  the  electric  liglit ;  all  were  impaired  more 
or  less,  some  of  them  losing  all  their  leaves.  Leaves  of  the 
lilac  exposed  to  the  direct  and  continuous  rays  from. electric 
lights  were  blackened  except  where  they  were  protected  by  the 
leaves  over  them;  there  they  remained  green,  "the  difference 
in  color  being  as  marked  as  in  a  photographic  plate.'*  * 

837.  Temperature  and  assimilation  proper*  In  certain  cases  the 
minimum  temperature  at  which  assimilation  can  take  place  is 
only  slightly  above  the  freezing-point  of  water.  Boussingault  ^ 
found  that  the  leaves  of  the  larch  decompose  carbonic  acid  at 
a  temperature  of  from  0°.5-2°.5  C. ;  while  Kraus*  gives  the 


1  Mem.  pr^s.  par  divers  Savans,  k  I'lnstitut  des  Sciences,  tome  i,  1806, 
p.  883,  and  Physiologie  veg^tale,  1832,  p.  131. 

Biot,  in  1840  (Froriep's  Notizen,  xiii.  10),  when  measuring,  in  Spain,  the 
length  of  a  degree  of  latitude,  found  that  the  light  from  the  powerful  signal- 
ling apparatus  used  was  not  sufficient  to  cause  any  evolution  of  gas  from  sub- 
merged plants  of  Agave  Americana. 

«  Prillieux:  Comptes  Rondus,  Ixix.,  1869,  p.  408. 

»  Heinrich  :  Versuchs-Stationen,  xiii.,  1871,  p.  163. 

•  Annalcs  Agronomiques,  tome  vii.,  1881,  p.  885. 

•  Ann.  des  Sc.  nat,  ser.  6,  tome  x.,  1868,  p.  336. 

•  KrausCPringsh.  Jahrb.,  vii.,  p.  622)plac<Hi  seedlings  of  Lepidium  sativum 
in  the  dim  light  of  the  back  of  a  room,  where  after  six  days  the  cotyledons 
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miiiimuni  temperature  for  assimilation  by  Anacbnris,  LepiJium, 
and  Betula  as  S^-S"  C. :  and  Heinricb'  gives  it  as  ^'.^-J'-S  C. 
for  Hottoiiia. 

The  marimum  temperature  at  which  assimilation  can  occur 
in  Aiiacharis '  is  between  4^°  and  50°  C. ;  in  Uottoiiia,*  Just  be- 
low bG°  C. 

The  optimum*  temperature  for  Uottonia  appears  to  be  not 
far  from  31°  C. 


•bowed  no  trace  or  sUruh,  The  ptnuU  were  then  dLttiibuti'd  in  thrra  roonii 
of  tlia  temporataiei  mentioned  in  tbe  annexed  table,  and  witli  tlie  runlta  tbcm 
detailed  :  — 


4 


After 

la^j  i3°.i  C. 

B=.»*.BC. 

O'J-O'J  C, 

9  boon. 

3  boon. 
Bboan. 
lahoan. 

In  tbs  cblomphyU  eolle  on  tbo 

margin  of  lbs  Imrei. 
Stucb  In  tbe  vbalo  Up,  mugln*, 

and  peUiile. 
Starcb  In  tho  wboU  upper  bmlf  of 

tbelaaL 
Tbe  wholo  leaftonlallim]  (tareb. 

Norturch. 

Some  (race*  of  Hatch  at 

™intlo...MUel™y™. 
np  nnJ  nimon  Dtlgo  wJIb 

Margin  with  mnob.  snr- 
buiewkb  little  ilanb. 

Hoitarcli 

*  Tenachs-Stationen,  xiii.,  1S71,  p.  ISS. 

*  Schutienberger  and  Qiiinquand  :  Comptes  BGndaH,  IxxviL,  1873,  p.  272. 

*  Heinrich:  Verencbt-StationeD,  xiii.,  1871,  p.  136. 

*  Heinrich'e  figure*  are  w  instrncti™  that  they  are  here  presented  in  ths 
folloiring  table,  which  gives  the  number  of  bubbles  of  gsa  passing  olf  from  tbe 
cat  suifaceofxiogle  leaves  of  Hotlouia  during  tbe  apace  of  fire  iaioat«s: 

Temp.  C.o  Ko.  of  babbles 

11  liS-ldO 

12 IM-ltfQ 

13 215- 

15 245-365 

l? 2S{t-2e5 

31 8S5-380 

23 87s- 

25 DM-iSO 

81 B*7-BM 

S' 420-517 

*^  225-255 

BO  110-220 

56 0 

The  itndenl  mnst  be  reminded  that  tho  amoant  of  gRi  vbich  oomeB  a 
in  this  eiperiiDvnt  with  enbmerged  plaote  U  not  an  caul  meaanre  of  th 

asiimilation. 
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838.  The  amount  of  earfoonle  acid  unfayorable  to  assimilatioH. 

Experiments  made  by  Saussure  ^  at  the  beginning  of  this  oen- 
tur}'  proved  beyond  question  that  plants  are  not  tolerant  of  an 
atmosphere  containing  a  lai^e  proportion  of  carbonic  acid.  In 
carbonic  acid  alone,  or  even  in  an  atmosphere  containing  66 
per  cent  of  this  gas,  vegetation  was  speedil}-  destroj^ed.  It  was 
shown,  however,  that  if  the  plants  were  exposed  to  full  light, 
they  could  sustain  8  per  cent  of  carbonic  acid  without  injury. 
Saussure  thought  that  the  presence  of  free  oxj'gen  is  necessary 
to  the  assimilative  work  of  the  leaf. 

839.  In  1849,  Daubeny^  carried  on  an  extensive  series  of  re- 
searches, chiefly  upon  plants  allied  to  the  dominant  vegetation 
of  the  Carboniferous  period,  namely',  ferns  and  their  allies,  from 
which  it  appeared  that  even  for  these  plants  an  amount  of  car- 
bonic acid  above  10  per  cent  is  injurious.  Five  species  were 
placed  in  a  receptacle  containing  about  46  liters  of  air,  and  to 
this  air  was  added  one  per  cent  of  carbonic  acid,  and  also  one 
per  cent  daily  thereafter,  until  the  amount  present  reached  20 
per  cent.  This  proportion  was  kept  for  twentj'  days,  small 
amounts  being  added,  as  occasion  required,  to  make  up  for  loss 
by  leakage.  On  the  thirteenth  day  a  sensible  impairment  of 
the  plants  was  noticed;  and  at  the  end  of  thirty  daj's  all  of 
them  had  been  more  or  less  damaged,  most  having  lost  their 
fronds. 

840.  Boussingault,'  in  1864,  conducted  a  series  of  experi- 
ments in  order  to  ascertain  whether  the  presence  of  free  ox3'gen 
in  an  atmosphere  containing  carbonic  acid  is  necessary  to  the 
work  of  assimilation.  The  results  of  his  researches  are  given 
as  follows :  — 

(1)  Leaves  exposed  to  sunlight,  in  pure  carbonic  acid,  do  not 
decompose  this  gas,  or  if  at  all,  ver}*  slowly. 

(2)  Leaves  exposed  to  sunlight  in  an  atmosphere  containing 
a  mixture  of  common  air  and  carbonic  acid  decompose  the 
latter  gas  rapidly ;  but  the  oxygen  of  the  air  has  no  part  in  this 
operation,  since, 

(3)  Leaves  exposed  to  sunlight  rapidly  decompose  carbonic 
acid  gas  when  this  gas  is  mixed  with  nitrogen,  hydrogen,  car- 
bonic oxide,  or  carburetted  hydrogen. 


1  Saussure:  Recherches  chiraiques  sur  la  vegetation  (Paris,  1804),  p.  29. 
An  earlier  expcriraent  was  made  by  Percival. 

«  Report  of  British  Association^  1849,  p.  56 ;  and  1850,  p.  159. 
'  Agronomic,  iv.,  1868,  p.  301. 
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841.  The  amoniit  «r  rarbontc  acid  miMt  fhTorftble  to  ftsslmtUtloB.  _ 
The  results  of  the  most  Exhaustive  study  of  the  amouut  of  caiv 
boiiic  acid  most  favorable  to  ossimilatioQ  have  been  given  by 
Uieir  recorder  as  follows  :  — 

(1)  Increase  in  the  amount  of  carbonic  acid  in  the  air,  up  to 
n  certain  limit  (the  optimum),  favors  the  evolution  of  oxygen 
by  plants ;  beyond  this  it  is  more  or  less  injurious. 

(2)  The  optimum  of  carbonic  acid  is  different  for  different 
plants:  for  Glyceria  spectabilis  on  clear  days  it  is  between  8 
and  10  per  cent ;  for  Typha  latifolia,  between  3  and  7  per  cent ; 
for  Oleander,  somewhat  less. 

(3)  Any  given  increase  in  the  amount  of  carbonic  acid  Iwlow 
the  optimum  favors  the  evolution  of  oxyjien  far  more  than  ft 
similar  increase  above  the  optimum  hinders  it. 

(4)  The  stronger  the  intensity  of  the  light  the  more  tlie  evolu- 
tion of  oxygen  is  favored  by  increase  in  the  amount  of  carbonio 
acid  up  to  the  optimum ;  and  when  this  limit  ia  jiassed  tha 
evolution  is  checked  so  much  the  less, 

(.'0  From  (4)  it  follows  that  the  influence  of  the  intensify  of 
the  light  on  the  evolution  of  oxygen  is  greater  in  proportion  to 
the  amount  of  carbonic  acid  in  the  air. 

842.  Batio  of  the  oijgen  eTolved  b;  plants  to  the  carbonic  add 
decomposed.  The  volume  of  oxygen  evolved  by  filnnls  during 
assimilation  proper  is  very  nearly  that  of  the  cflrbonic  acid 
decomposed.' 

Nnmcrona  esperimenta  by  Boussingault  exhibit  this  relation 
in  a  veiy  strilcing  manner.  In  for^'-one  experiments  the  volume 
of  carbonic  acid  was  to  that  of  the  os^'gen  set  free  as  100  :  98.7. 

1  SauMore  (RfchercliPB  rhimiiinvs  but  Is  T^g^tation,  1804,  pp.  iO,  SC)  U 
regsnlml  as  tho  lint  to  iudiuito  thii.  He  arriTed  at  this  concliuion  bf  experi- 
menting upon  a  number  of  plants  aniler  diSersnt  conditions.  HU  first  rKordvd 
expfrimeut  conBisltfd  in  surrounding  seven  plants  of  Yinca  (Periirinllle)  with 
•n  atmosphere  containing  a  known  i^aantity  of  carbonic  acid  gas.  Tlie  plants 
went  ecposed  to  siuilight  from  flve  to  eleven  o'clock  in  the  momittg  for  us 
days,  alier  which  the  air  in  tho  U-U-jar  was  examined. 

Air  In  Uiejar 


4 


Ir  In  the  jar 
beftirs  tbe  «iarlmeni 
4I!H)  cubic  cent. 
1116  " 

431  ■' 


.     4333  cubic  cent. 
.     1408  ■' 


Total  volume       .     .     .    674«  "  .     .     5741) 

Sansaure'a  coneluiuon  ia  that  plants,  in  decomponng  carbonio  aciil,  aa 
late  ■  part  of  the  oxygen  gas  therrin  contnincd,  an-I,  farther,  that  the  amount  I 
of  carbon  retained  by  the  plant  bears  a  definite  relation  to  the  amount  of 
taken  np  by  it. 
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The  fblloirii^  table  bf  Bonmngmiilt'  is  rery  instniciive,  as  it 
shows  the  relation  of  vokune  between  the  amount  of  carbonic 
acid  consumed  and  the  oxygen  evolved  in  assimilatkni ;  and 
also  the  decomposing  power  of  vanons  kinds  of  plants  onder 
diffb-ent  conditions.* 
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843.  The  gas  emitted  during  the  process  of  assimilation  proper 
is  not  pure  ox^-gen.  Both  Daubeny*  and  Draper^  found  varia- 
ble amounts  of  nitrogen  in  all  the  cases  examined  by  them. 

844.  What  are  the  products  of  assimilation  proper!  It  has 
now  been  shown  under  what  conditions  the  green  tissues  of  a 
plant  decompose  carbonic  acid  and  evolve  oxygen.*  As  the 
chief  rcHult  of  this  decomposition  and  its  associated  processes, 
there  is  formed  within  the  cells  which  contain  chlorophj'U  a  carbo- 
h3'dratc  of  some  kind.  This  carbohydrate  contains  the  same 
elements  as  the  carbonic  acid  and  the  water  from  which  it  was 
produced,  but  it  contains  less  ox3'gen  than  the  total  amount 
found  in  those  8u])stanccs  taken  together.  Hence  the  process 
of  assimilation  is  essentially  one  of  reduction.  There  is,  how- 
ever, no  substantial  agreement  as  to  the  nature  or  constitution 
of  the  primary  carbohydrate  formed  by  it. 

The  difllculty  which  attends  the  investigation  of  assimilation 

»  AKronnniio,  iv.,  1868,  p.  286. 

^  A  well-known  relation  of  volume  between  oxygen  and  carbonic  acid  may 
hero  bo  jxiintod  out  ;  namely,  that  '*  free  oxygen  occupies  the  same  bulk  as  the 
carbonic  acid  produced  by  uniting  it  with  carbon." 

*  riiilosnphical  Transactions,  1836. 

*  "In  every  instance  which  I  liavo  examined,  the  gas  evolved  from  leaves 
is  not  pure  oxygen,  but  a  variable  mixture  of  oxygen  and  nitrogen.  This  result 
is  of  uniform  occurrence"  (Chemistry  of  Plants,  1844,  p.  182). 

*  For  an  account  of  the  transient  evolution  of  oxygen  under  exceptional 
cin'umstances  whore  carbonic  acid  is  not  present,  see  Miiller's  Handbuch  der 
Botanik,  1880. 
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is  api>nroiit  at  a  glance.  The  raw  materials,  the  apparatus, 
and  the  ultimate  products  of  maniirnctiire  tti-e  known  ;  but  the 
intermediate  processes  by  wbicb  cUorophjll  granules  under  the 
influence  of  certain  rays  of  light  can  cause  the  dissociation  of 
carbon  from  the  osjgcn  with  which  it  is  combined  in  carbonic 
acid,  and  bring  aI>out  the  synthesis  of  an  organic  substance  from 
matcrinU  wholly  inorganic,  are  not  at  present  known. 

845.  The  wide  field  which  the  synthesis  of  organic  from  inor- 
gauic  matter  opens  to  conjecture  has  not  been  left  unoccupied. 
It  ia  generally  admitted  that  in  assimilation  there  ia  first  formed   I 
some  ternary  sultstance,  namely,  one  which  contains  tlie  three 
elements,  carbon,    hydrogen,    and   oxygen;    and    further,    that   I 
this  contnitis  less  oxygen  than  the  two  inorganic  matters,  car-    I 
bonio  acid  and  water,  from  which  it  ia  pi-oduced,  token  to-   j 
gethcr.      Exactly  what  the  ternary  substance  is,  or  how  the    | 
dissociation  or  rednctiou  is  carried  on  in  the  chlorophyll  granule, 
ia  still  lelt  in  douht. 

846.  SUrch  (C'aH^Oj)  is  the  first  vinible  product  of  assimila- 
tion, as  was  flrat  pointed  out  by  Sachs  in  1862.'  Although 
t>achB  appears  to  have  held  at  one  time  that  it  is  the  first  pro  I 
dnct,  bis  later  expressions  are  more  guarded,  and  simply  stata 
the  fact  universally  admitted,  namely,  that  starch  is  the  firat 
pro<tuct  which  the  microsco|>e  can  detect.  Wlien  a  seedling  has 
been  kept  for  a  time  in  a  dimly  lighted  room,  its  cotyledons  and 
other  leaves  grow  pale  or  etiolated,  and  if  they  are  examined 
for  starch,  no  trace  of  it  will  be  found.  But  upon  a  very  short 
exposure  of  the  plant  to  the  direct  rays  of  the  sun,  provided  the 
other  conditions  are  favorable,  a  certain  amount  of  starch  will 
I4>pear  in  the  chlorophyll  granules  of  the  cells  at  the  margin  of 
the  leaves.  If  the  plant  ia  again  withdrawn  iVom  the  light,  \^& 
scanty  store  of  starch  is  speedily  consumed,  but  on  renewed  in- 
solation the  loss  is  made  good ;  this  process  cad  be  repeated 
many  Umcs.  From  the  constant  apiwarance  of  starch  in  the 
chlorophyll  granules  under  the  above  circumstances  it  has  beea 
generally  recognized  as  tlie  first  visible  product  of  assimilation 
proper.  Rut  it  has  ob^oualy  such  a  complex  molecular  struc- 
ture that  chemists  are  unwilling  to  believe  that  its  formation  in 
the  plant  is  not  preceded  by  the  production  of  some  simpler 
Buhstanee.  Furthermore,  there  are  a  few  cases  in  which  oil 
replaces  starch  as  the  first  visible  product,  thus  indicating  that 
there  may  be  some  earlier  pnxluct  possibly  common  to  both. 


822  ASSIMILATION. 

847.  Glucose.  It  is  held  by  some  that  this  product  is  glucose 
(CglljgOy)  or  some  substance  having  the  same  atomic  propor- 
tions of  these  elements.  Early  and  not  well-defined  views  in 
regard  to  glucose  may  be  replaced  b}*  the  following  statement  of 
a  theory  widel}'  taught. 

848.  Formic  aldehyde  hypothesis.  According  to  Gautier,^ 
chlorophyll  exists  in  two  conditions,  white  chlorophyll^  rich  in 
hydrogen,  and  green  chlorophyll,  poorer  in  this  element  B3'  his 
hypothesis  the  3'ellow  ray  absorbed  by  the  assimilating  tissues 
furnishes  a  certain  amount  of  energy  which  is  partial!}*  con- 
verted into  heat,  and  promotes  evaporation  of  water  (transpira- 
tion) ;  and  at  the  same  time  it  permits  the  chlorophyll  granule  to 
decompose  the  water  with  which  the  protoplasmic  mass  is  satu- 
rated. In  the  presence  of  CO,  and  H.^0  the  reducing  process 
gives  rise  to  formic  acid  (CH,0^,  which  in  its  turn  is  reduced  to 
formic  (or  methylic)  aldehyde,  CHjO.  The  latter  has  the  same 
atomic  proportions  as  glucose  (C^Hj^O^) . 

849.  Whether,  in  assimilation,  the  temarj'  substance  be  for- 
mic aldehyde,  or  glucose,  or  starch,  it  is  certainlj'  a  substance 
capable  of  undci^oing  further  oxidation,  and  hence,  chemically 
speaking,  an  unsaturated  compound.  When  this  unsaturated 
compound  is  oxidized,'  a  definite  amount  of  energy  of  motion 
is  set  free,  and  this  is  manifested  to  us  under  one  of  its  many 
phases,  namely:  (1)  movements  of  the  whole  plant,  as  in  some 
of  the  lowest  organisms ;  (2)  movements  of  liquids  within  the 
plant,  as  in  the  transfer  of  matter  to  points  of  consumption ; 
(3)  heat;  (4)  electrical  disturbances,  and  all  the  proi)er  vital 
activities  correlated  with  these.  The  energy  of  motion  in  solar 
radiance  is  treasured  for  a  time  in  the  tcrnaiy  and  derivative 
products,  thence  to  be  released  as  occasion  requires. 

850.  It  is  proper  to  refer  at  this  point  to  a  novel  view  in 
regard  to  the  product  of  assimilation  which  has  received  much 
adverse  criticism  ;  namely,  that  of  Pringsheim.'  Attention  has 
alread}*  been  called  to  the  interesting  observations  by  this  bota- 
nist on  the  constitution  of  chlorophyll  granules.  In  prosecuting 
his  investigations  he  became  convinced  that  the  peculiar  colored 
substance  which  is  extruded  from  the  granules  under  the  influ- 
ence of  certain  agents  is  a  product  of  assimilation.  To  this 
product  he  gave  the  name  hypochlorin.   According  to  him,  when 


*  La  Chimie  des  Plantes.     Renie  Scientifique,  Feb.  10,  1877,  p.  767. 

*  Compare  Claiule  Bernard,  Lecons  sur  lea  Ph^nom^nes  de  la  Vie,  1878. 
»  Jahrb.,  xii.,  1879-1881,  p.  288. 
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any  active  cells  containing  clilorophyll  granules  are  siiUJcctcd 
to  conditions  favorable  to  assimilation,  hyiiochlorin  is  formed* 
in  considerable  amount ;  but  wlien  the  conditions  for  assiml'^ 
lalioQ  arc  not  present,  only  traces  of  it  are  {iroduced.  Prings- 
heiin  used  an  entirely  novel  method  of  experimeutUig;  namely, 
that  of  subjecting  the  chlorophyll  granules  to  the  action  of 
intense  light  from  which  the  heat  rays  hud  been  extracted  as 
perfectly  as  possible  \  and  under  these  conditions  be  failed  to 
detect  any  hypochlorin,  but  obsen-ed  &  marked  increase  in  tlie 
amount  of  CO,  given  off  as  in  onlinary  respiration  (see  Chapter 
X[.).  Hence  he  arrived  at  the  conclusion  that  assimilation 
proper  is  the  characteristic  office  of  chloro|ihjll  granules  solely 
on  account  of  their  pigment,  which  tempers  the  light  reaching 
them.  According  to  him,  the  pigment,  by  its  absorption  of  the 
so-called  chemical  raya,  serves  as  a  reffulatury  screen  gov- 
erning the  amount  of  light,  and  so  controlling  the  amount  of 
respiration  and  assimilation  proper. 

851.  OniUne  of  the  ««■■;  bistoi7  of  usImUBUon.  The  follow- 
ing extracts  from  the  works  of  early  experimenters  upon  the 
rehitions  of  green  leaves  to  the  atmosphere  show  the  manner  ia 
which  the  problem  of  assimilation  was  first  attacked. 

S52.  Priestley'  discovered  in  1771'  that  oir  in  which  candles 
can  no  longer  burn,  and  which  is  irrespirable,  can  be  restored  to 
its  original  condition  by  the  presence  in  it,  for  a  time,  of  vig- 
orous plants.    The  account  below  is  given  in  his  own  words : 

"  Finding  that  candles  would  burn  very  well  in  air  in  which  plants 
hail  gtovin  a  long  time,  and  having  hod  some  reason  to  think,  that 
there  wan  something  attending  vegctntion  which  restored  nir  that  had 
been  injured  by  respiration,  I  tiiought  it  was  possible  that  the  same 


'  ExpFriments  and  Obserrationi  on,  Di(I«r«nt  Einda  of  Air  (Sd  edition, 
1781),  ji.  61. 

'  In  1751  Bonnet  published  M«  obwmtioni  upon  the  belisvior  of  learss 
in  RsUr.  It  is  wtll  known  that  when  green  Iravn  arc  Ininii^rscd  in  water  iind 
expoMd  to  smilij{lit  for  a  time,  hiihMw  of  sir  appear  on  their  mrrace.  Bnnnrt 
bslitiveJ  that  tbe  leaves  drew  comnion  ur  from  tbe  wnb^r  und  this  awvllnl  into 
conspicuouB  bubbles  under  the  beat  of  the  nun.  He  was  confirmed  in  thia 
belief  upon  ascertaining  tlint  lialibles  did  not  tippear  on  green  laavoi  ex- 
posed in  water  which  bos  been  boik-d  to  cxpct  l\\f  air  (Rpcherchea  snr  I'liaga 
dea  Feoilles  dons  lea  PUntea,  p.  Zflj.  If  we  consider  the  sloLe  of  cbcmiivil 
icieiice  at  the  time  of  Bonnet's  reaearcheo,  his  error  ia  in  no  wise  turprising. 
It  ia  now  known  that  the  bubbles  which  Bonnet  took  to  be  sir  are  nearly 
pur«  oxygen  which  escapes  as  a  by-product  of  asiiinilation.  Bnt  fTom  water 
which  has  been  toiled,  all  the  carhonio  add  eiseatial  to  animilation  ha«  been 
UJiellvd. 
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process  might  also  restore  the  air  that  had  been  injured  by  the  burning 
of  caudles. 

**  Accordingly  on  the  17th  of  August,  1771, 1  put  a  sprig  of  mint  into 
a  quantity  of  air,  in  which  a  wax  candle  had  burned  out,  and  found 
that,  on  the  27th  of  the  same  month,  another  candle  burned  perfectly 
well  in  it.  This  experiment  I  repeated,  without  the  least  variation  in 
the  event,  not  less  than  eight  or  ten  times  in  the  remainder  of  the 
summer.^ 

*'  Several  times  I  divided  the  quantity  of  air  in  which  the  candle 
had  burned  out,  into  two  parts,  and  putting  the  plant  into  one  of  them, 
left  the  other  in  the  same  exposure,  contained  also  in  a  glass  vessel 
immersed  in  water,  but  without  any  plant;  and  never  failed  to  find 
that  a  candle  would  burn  in  the  former,  but  not  in  the  latter.  I  gen- 
erally found  that  five  or  six  days  were  sufficient  to  restore  this  air,  when 
the  plant  was  in  its  vigour;  whereas  I  have  kept  this  kind  of  air  in  glass 
vessels  immersed  in  water  many  months  without  being  able  to  perceive 
that  the  least  alteration  had  been  made  in  it.'* 

853.  Ingrenhonsz  in  1779  showed  that  light  is  necessar}"  to 
assimilation.  He  proved  experimentally  that  the  purification 
of  air  does  not  go  on  in  darkness,  but  that  light  is  essentiaL 
His  statements  are  here  given :  — 

**  Plants  not  only  have  a  faculty  to  correct  bad  air  in  six  or  ten  days, 
by  growing  in  it,  as  the  experiments  of  Dr.  Priestley  indicate,  but  they 
perform  this  important  office  in  a  complete  manner  in  a  few  hours. 
This  wonderful  operation  is  by  no  means  owing  to  the  vegetation  of 
the  plant,  but  to  the  influence  of  the  light  of  the  sun  upon  the  plant. 
.  .  .  This  operation  of  plants  diminishes  towards  the  close  of  the  day, 
and  ceases  entirely  at  sunset,  except  in  a  few  plants  which  continue 
this  duty  somewhat  longer  than  others.  This  office  is  not  performed 
by  the  whole  plant,  but  only  by  the  leaves  and  the  green  stalks  that 
support  them.  Acrid,  ill-scented,  and  even  the  most  poisonous  plants 
perform  this  office  in  common  with  the  mildest  and  the  most  salutary."  * 

» 

^  Priestley  thought  that  this  effect  upon  the  air  is  due  to  the  growth  of  the 
plant,  an  idea  which  will  be  shown  in  Chapter  XII.  to  be  wholly  erroneous.  On 
pages  50  and  52  of  the  volume  quoted  above  are  the  following  statements : 
"One  might  have  imagined  that  since  common  air  is  necessary  to  vegetable,  as 
well  as  to  animal  life,  both  plants  and  animals  had  affected  it  in  the  same  man- 
ner ;  and  I  own  I  had  that  exjwctation  when  I  first  put  a  sprig  of  mint  into  a 
glass  jar  standing  inverted  in  a  vessel  of  water  :  but  when  it  had  continued 
growing  there  for  some  months  I  found  that  the  air  would  neither  extinguish  a 
candle  nor  was  it  at  all  inconvenient  to  a  mouse  which  I  put  into  it.  .  .  .  This 
restoration  of  the  air,  I  found,  dependcnl  upon  the  vegetating  state  of  the  plant  ; 
for  thou;:;h  I  kept  a  great  number  of  the  fresh  leaves  of  mint  in  a  small  quan- 
tity of  air  in  which  candles  had  burned  out,  and  changed  them  frequently,  for 
a  long  space  of  time,  I  could  perceive  no  melioration  in  the  state  of  the  air." 

2  Experiments  uj>on  Vegetables,  discovering  their  great  Power  of  purifying 
the  Common  Air  in  the  Sun-shine,  1779,  p.  xxxiii. 
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854.   Sendbler'  first  demonstrated  that  planta  obtain  all  thdr   . 
carl>OQ  from  carbonic  acid  gas. 

8i)5.  That  definite  quantitative  relations  exist  between  the 
amounts  of  carbonic  acid  decomposed,  carbon  retained,  andojqf- 
gen  evolved  by  tbe  plant,  was  first  pointed  out  hy  S 
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8r»S.  It  has  been  shown  that  all  land  and  many  water  planU  j 
contain  a  variable  amount  of  air  in  their  tlBHues.  chiefiy  in  the 
intercellular  spaces  and  older  modified  fells  (traclields,  tracheee, 
etc.).  When  there  is  an  active  intei'change  of  gases  by  any 
plant,  a  portion  of  the  nitrogen  contained  in  ita  included  air  is 
very  likely  to  be  eliminated.  A  trace  of  nitrogen  is  so  generally 
found  with  the  oxygen  evolved  during  agsiniilation  proper,  that 
this  has  been  regarded  by  some  as  a  constant  accompaniment 
of  the  assimilative  process. 

857.    Amount  of  Dltrogen  Id  tlie  plant.     Besides  the  free  nitro- 
gen which  constitutes  a  part  of  the  included  air  of  Ibe  plant, 
there  is  a  certain  amount  of  combined  nitrogen  always  piiisent    | 
in  active  cells  as  an  essential  component  of  tlieir  living  matter. 
The  protoplasmic  matters  in  plants  contain  about  13  per  cent  of  ^ 
nitrogen  in  combination.     For  all  practical  purposes  they  may    ' 
be  regarded  as  having  chemically  a  common  albuminous*  basis    { 
(roughly  comparable  to  the  white  of  egg),  with  which  (as  1 


I  Memoire-i  Phymco-chjrmiqnes,  1782. 

Hmnf  oF  Senebier'*  obserrationB  are  almost  ulcntical  with  those  of  Itig 
houix  (u  giTCii  in  hia  "  Nutrition  of  PInnts").  nnd  il  has  been  thonght  bf  I 
tome  that  the  ]iriority  ot  the  above  ilUcovery  betoDgs  rigbtfuilj  to  the  latter. 
It  i*  to  be  rcniDmbend  that  at  Iha  dale  at  wbich  both  ot  theu  experimenten 
were  workiug,  cltemUti  were  jiiat  beginiiiDg  to  acquire,  through  the  ittiidiea 
of  l^ToinPF,  clear  notioiis  in  regard  to  the  important  jiurt  which  oxy^jan 
plays,  and  that  In  the  early  part  of  thii  transition  period  an  obscure  noui 
ctatui«  renders  it  difficult  to  apportioii  to  each  of  these  observers  his  propar 
■hare  ot  credit. 

*  Recbctrhea  chimiqaea  snr  ta  vegetation,  1801. 

Some  of  the  relations  ot  light  to  the  procera  of  dpcom position  of  urbonic 
acid  by  grwn  parts  of  plants  were  fliai  indicated  by  Danbeny,  and  furthrr  ex- 
amined  by  nra|)er.     The  lubseiiiirnt  history  of  acsimilation,  to  whirh  Snch^ 
PfelTer,  ilDgelmann,  and  many  others  have  contributed,  has  been  refertnl  to   J 
in  ibe  text  and  in  dtationa  in  the  nolea. 

'  Attention  must  nguju  be  calleil  to  llie  variotiB  exprewions  employed  to 
designate  the  oompounds  in  the  plant  which  n-itenible  albumin,  and  which 
from  their  likeneaa  to  tho  albumin  of  the  egg  have  been  collectively  termed 
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mar  ^ttiM  ^aroffuo.  toattifiefabii^  <suuune!»  4^  2icm  wad. 

art  .n«lii!:a&>!fi  in  aa  »Ttmmanim  of  a  rxs^func  Med :  boc  OBiinr  aU 

thf^Ai^  Tarjuur  '^.mMr^^oii  3i'rr.tg«*a  la.  xmrintiriira  »  never  aiaseiii; 
from  :«i*s  liTixur  4<i..*tcaA«3e  'iriT  'iht:  p^anc 

^'>.  F'-^  yiiii  ^.maai'jg  cf  ativ  pp%:c&bHBDc  antsns  in  cbe 
P'ArtiL  !ii;y,piiet  of  a«.trMr^a  fa  aa  aT<diLi.:te  5>ni  iiia»€  be  fiir- 
A.Hni7d ;  2c«r  3<*xirn:^.i>  znjwth.  zneae  Mpffiks  aust  be  adeqmte 

>!./0r,    LiMoiT^fi  alrjcminnnw  maz&Erf  of  Tsrii3«B  kinds  are  met 

wlr^«  :a  *iK^  ftop  of  ^xne  tntiLi.  Tlifa  in  auoj  cues  appears  U> 
(^.  14  wl.l  ^ji^  %t»«ii  IdX^r.  a  fijrm  in  wiudi  their  transport  ftom 
'^r^  p/firt  of  ttiK  puiut  to  aa«>chiTr  la  aecrzretL  A  sottil  nizmber  of 
ttif"^,  atr><i.'nInr^;.-9  •i:'rji9di>:«s  have  been  ^3wn  to  be  jetimenU^ 
«h>:h  (>Uj  a  vrr.  i:nportant  pent  in  the  aatritioa  of  the  plant. 

'^^/O.  Aitxuj^i'Xik  hy  f)3ir  thi;  greater  yan  of  the  combined  nitro- 
((<7ri  of  tti'^  pUnt  exUt^  in  one  or  lajre  of  the  oombmatiood  men- 
iii/rtf-A  ill  (Ax^\fUzr  XI..  there  Ls  often  to  be  detected  a  smaQ  and 
irahaM#r  am^^rint  a.^  a  nitrate  ^  (generally  pota^sic).  and  even  as 
a  Aait  of  arDrAOfiia. 


*!■.  .r.'i.ri',;il.<.  A.'f.or*  Lit*;  niailft  a  .liatin-id-iii  bet***!!  •:«rt.un  jroap*  of 
I:..  *»•   v>:.» .«  \A  !..-/   kf«-  r-pr-4t-r.t'^l  in  iL^  izJii^s.  'm.iz.xl'jci.  'iivi.iL*:;;  iL'fiu 

^#-»r  .f.  f;-^ .'.*/,  l^r.rr.i.  ii  -It  C:*.ctii-*,  iiL,  1*"*,  p.  115).  Al:iiouih  the 
I/.*',  r  '/-rff.,  >»'ho.n  ';..:  :*-.trr.  tion  r.^rrt  n-itni,  U  ii*  OjUihi^jU.  a«  in  Tr-jji-tatlH 
|»i./  ..i,.'^/f  V/  'i'-'i/r^v  'h*--**:  \ifA\f*,  an  o>.j-i:ion  can  jiL*:ly  b*  arg»Hi  again>t 
r*  '  ni}»i'».  rri«-f.»  'Wi  ;i- •  .*  .n*.  wf  th :  rLor"?  -.■/n.nion  Use  in  l«:tAnv  of  the  wonl 
nihil, n*.'  ^V\\  ifi  «n*ir- .'.  -Lrf-r-rit  ••i;.'Tiih-.;iti'»n  (-Mir  VoI\:rii«*  I.  p.  14). 

\u  !-:'>,  M'ii']'-f  f.i'.i.  Jm-«J  th*-  tL»^iry  that  all  th«ssir  U-iies  an?  {'rictioallT 
/!/*iv.if  t  «<-'  frorn  on/:  a  i-/-*Ai.':»-,  t/:rm»-«l  by  him  pnjtrine  (fn'm  rj^tarrci'-w,  to  l»e 
\\\'.' ) ,  '» »t  i»  w;iH  ^»*,ri  *.{,fr*u  th-it  thU  lh»-i>n'  w;*.-?  erroQiroiM;,  an«I  it  has  be»»n 
f(-utrt.\y  ;iUtri<lori«''l.  Tit*;  t^-rni  ir»tr'j«i'H.»-«i  hy  Mulder  to  Jrsi^.ate  the  hypo- 
i\tr.Uf  .i\  tjiutii*»uti*\  oornrriori  Vt  all  ih*-w  U-lies  Iuls,  howrver,  htren  since  em- 
ploy*/|  tf,  /:ofjv«rii*nfIy  <lftriot*j  the  whole  c1ji>s.  In  using  the  tenn  protein 
J^'fli'j,  or  yr'^^idn^  to  'l»r>it(iiar.**  the  iiifTiiTurrs  of  this  group,  it  must  not  l>e 
\\iv\t\-.\f$tA  HiJit  til'-  i\\M\v\u\\»A  x\\*:i>r\  of  MuMer  is  taken  into  ac.'ount  at  all ; 
hnt  ih.if.,  Mtli'rr  than  r<*iiti'|iiiih  a  short  and  convenient  term,  one  teacher 
W'fii|/|  \t\t'\t'X  Ut  **'t.k  for  it.  a  fon«:*l  etyinolo^*,  Ixuicd  on  the  suq>ri>ing  changes 
¥f\iu)t  thi'H*'  mi\nUiU'»"i  undergo,  namely,  frf>m  I*rotens,  who  was  fabled  to 
eh;in;.o'  liirni^lf  into  dilfiTent  fonns  as  orrytsion  demand*^. 

'  For  the  det«'i:tion  of  nitrates  the  following  test  may  be  employed  :  To  a 
dfoj.  of  th<'  Hap  under  examination  add  a  <lrop  of  a  solution  of  brucine,  mix, 
and  then  n4ld  a  few  dro|M  of  concentrated  sulphuric  acid,  when,  if  a  nitrate  is 
pii'«»4'nt,  a  led  eohir  will  ap(iear. 
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861.  There  cau  be  found  in  a  Inrgc  number  of  plants  n  small 
amouut  of  certain  matters  termed  alkaloids,  wbicb  contaiD  a  defl- 
nite  iwreentage  of  Ditrogen.  Such  are  mor^iAia  in  the  poppy, 
quinia  \a  Peruvian  bark,  caffeine  in  coffee,  etc.  {see  961). 

863.    In  most  analyses  tlie  combined  nitrogen  of  the  plant  U    i 
usually  rendeiml  as  "albuminoid."   The  percentages  in  a  few 
cases  are  here  given  : ' —  | 

Bed  clover,  rull  bloaum 3.7  . 

Saga  bei-n 8  to  I.O 

Cumitniot l.G 

CairotlcavM 3.2  J 

Cithbige 1.5  J 

WiDler  sWit 13.0  I 

Bntnt  (field) S5.S  I 

Apples S2  10.52  \ 

Of  these  amounts  about  16  per  cent  may  be  roughly  estimated 
as  the  content  of  nitrogen.  Therefore  iu  such  a  case  as  the 
carrot  root  above  mentioned,  the  total  amount  of  nitrogen  ia 
really  very  small  (0.31  per  cent)  ;  but  the  presence  of  this  smoU 
percentage  is  absolutely  essential  to  the  life  as  well  as  to  the 
heallh  of  the  plant. 

863,  Resen-ing  for  a  later  chapter  all  consideration  of  the 
numerous  chemical  transformations  which  nitrogenous  mattcrB 
may  undergo  in  the  plant,  it  is  necessary  to  ask  now.  (1)  whence 
oau  tlie  plant  obtain  adequate  supplies  of  available  nitrogen,  and 
(2)  how  can  the  plant  appropriate,  or,  to  use  an  equivalent  term, 
assimilate  them. 

86-t.  Sources  of  altrogen  for  the  plant.  It  must  first  be  shown 
whence  nitrogen  is  not  Bii|)plied.  The  free  nitrogen  of  the  at- 
mosphere is  not  directly  available  for  plants.  Although,  as  has 
been  shown  (p.  100),  most  of  the  higher  plants  possess  an  aerat- 
ing system,  through  which  atmospheric  air  can  easily  enter  and 
traverse  the  plant  and  be  brought  into  contact  ^ith  tlie  tissues, 
the  nitrogen  which  forms  so  lat^e  a  pait  of  the  atmosphere  is 
not  utiliiietl.  This  has  been  demonstrate<I  by  experiments  in 
culture  in  which  every  kind  of  combined  nitrogen  ia  careftilly  ex- 
cluded tmxa  the  plants  while  they  have,  at  the  same  time  the 
ft^c  nitrogen  of  the  atmosphere  in  an  unlimited  supply. 

8C5.   The  earliest'  systemalic  investigations  relative  to  the 

'  For  oilier  nates  the  stuJciit  ilinuld  consalt  the  tnUea  in  the  Appendix  to 
Johnmn'a '■  How  CrD)>s  Grow,"  1863,  pp.  38:r-392. 

*  The  following  citatioim  refer  to  enrUer  oUervntions,  none  of  whkh.  how- 
enr,  can  he  conaitloivd  as  having  fixed  any  importuit  points  relative  to  the  uM 
of  attDosplicria  nitrogen  bjr  pUnti : —  I 
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above  Bnbject  were  made  by  BoDssingaiilt  in  1887,^  who  em- 
ployed the  following  method :  In  calcined  soil,  supplied  with  dis- 
tilled water,  and  having  ft'ee  access  of  air,  clover  was  cultivated 
for  two  and  for  three  months,  and  at  the  end  of  that  time  it  was 
found  tliat  there  was  a  very  sUght  gain  in  nitrogen  over  the 
amount  which  had  been  present  in  the  seed  sown.  In  two 
parallel  experiments  with  wheat  no  gain  was  observed.  One 
year  later,  peas,  clover,  and  oats  were  experimented  on ;  both 
the  peas  and  clover  gained  a  little  nitrogen,  but  there  was  no 
gain  whatever  in  the  case  of  the  oats.  Boussingault's  conclu- 
sions lh>m  this  series  have  been  stated  as  follows :  Under  several 
conditions  certain  plants  seemed  adapted  to  take  up  the  nitrogen 
in  the  atmosphere,  but  it  is  still  a  question  under  what  circum- 
stances and  in  what  state  the  nitrogen  is  fixed  in  the  plants. 

866.  It  was  not,  however,  until  1851  that  the  subject  received 
any  tbrther  attention  fh>m  Boussingault.  In  that  and  the  two 
subsequent  years  his  experiments  were  conducted  with  certain 
precautions,  by  which  the  plants  were  confined  in  limited  vol- 
umes of  air ;  and  in  no  case  was  an  unequivocal  gain  in  nitrogen 
to  be  detected.  In  1854  he  placed  plants  in  a  suitable  recep- 
tacle wl^ere  they  could  be  supplied  with  a  current  of  air  washed 
to  Aree  it  from  all  traces  of  combined  nitrogen.  The  atmosphere 
within  the  receptacle  was  fdmished  with  fVom  two  to  three 
per  cent  of  carbonic  acid.  In  all  of  the  experiments,  part  of 
which  were  upon  leguminous  plants,  there  was  a  slight  loss  of 
nitrogen. 

8G7.  During  the  progress  of  the  experiments  now  alluded  to 
others  were  conducted  in  the  following  manner:  Plants  were 
placed  in  a  case  from  which  nearly  all  dust  could  be  excluded, 
but  which  would  allow  of  a  fVee  circulation  of  tlie  extcraal  air ; 
and  under  these  circumstances  there  was  the  very  slight  gain  in 
nitrogen  equal  to  about  one  twelfth  of  that  contained  in  the  seed 
sown.     Boussingault  attributed  this  almost  inapprcciable  gain 

Priestley  :  Experiments  and  Observations  on  Different  Kinds  of  Airs,  iii., 
1772. 

Sanssure  :  Recherches  chimiques  snr  la  v^gdtation,  1804,  p.  205.  In  this 
will  be  found  a  short  account  of  the  results  of  the  j)nivious  observers  and  also 
of  Saussure*s  own  conclusions,  which  are,  —  that  plants  do  not  appropriate  any 
appreciable  amount  of  nitrogen  furnished  to  them  as  it  exists  in  the  atmosphere 
in  the  free  state. 

^  For  a  short  but  excellent  abstract  in  English  of  Boussingault's  researches, 
referred  to  in  the  text,  the  student  may  consult  Philosophical  Transactions  of 
the  Royal  Society  for  1861,  p.  447.  The  original  communications  are  in 
Annales  de  Chimie  et  de  Physique,  s^r.  2,  tomes  Ixvii.  and  Ixix.,  1838. 
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to  tbe  flinmonia  in  the  atmosphere,  and  also  to  organic  matters 
in  small  amount  wbich  may  have  entered  the  case  in  the  form  of 
very  6ne  dust ;  but,  taking  into  consideration  all  tlie  conditiona 
of  the  exporiment,  he  was  not  iuclined  to  the  belief  that  any 
nitrogen  had  been  received  by  tbe  plants  from  the  free  nitiogen  | 
of  the  atmosphere. 

868.  In  185b  and  1858  the  same  botanist  experimented  upon  j 
CCrUiin  plants  which  wore  supplied  with  a  linown  amount  of  com- 
bincil  nitrogen  in  some  available  form.  The  results  of  his  ex-  , 
periments  have  been  formulated  as  follows :  (1)  There  was 
appropriation  of  free  nitrogen ;  [2)  There  was  a  slight  loss  of  I 
the  nitrogen  which  had  been  supplied  to  the  plant;  (3)  The  ! 
amount  of  assimilation  of  carbon  l>ore  a  close  relation  lo  tlM  < 
amount  of  nitrc^cn  taken  up  by  the  plant. 

869.  From  1849  to  1854  Georges  ViUe.  of  Paris,  conducted 
ex|>eriments  whicli  were  interpreted  as  showing  that  plants  can 
take  from  the  nitrogen  of  the  atmosphere  a  certain  part  of  that 
which  thej'  require.  In  the  autnmn  of  1854  ho  carried  on  a  . 
aeries  of  reseaivbes  at  tbe  Jardio  dcs  I'lantes,  under  the  BU[>er- 
vision  of  a  committee  appointed  by  the  French  Academy.  To- 
wards the  close  of  the  work  no  element  of  error  crept  into  it 
which  could  not  then  be  eliminate<I;  but  as  to  the  result  of 
the  investigation  the  committee  reported,*  —  that  tlie  experi- 
ment made  at  the  Museum  d'llistoire  Naturelle  by  M.  Ville 
is  consistent  with  the  conclusions  which  he  lias  drawn  from  | 
bis  previous  labors. 

870.  In  18C1  Lawes,  Gilbert,  and  Pugb,"  of  England,  pub- 


1  Tha  report  bj  Chevreul  will  be  found  in  Compter  Kendtu,  xli,  p.  757. 
Besults  so  diret-tly  in  couflici  as  those  of  tbe  two  exi>erimentera  refurTod  t( 
tbe  ttxl  led  others  to  inrcatignle  lbi»  subject,  and  in  1857-1859  an  eih«U8ti»e   J 
,  aerifs  of  inrasti(f«lions  wu  carried  on  at  Eothanuled,  England,  by  Lbwm,    , 
OaheH,  and  Pu((h.  ' 

Mine,  ill  IBfil,  conclnded  from  bia  experimeata  that  plants  do  n 
priata  tbe  free  nitroRcn  of  the  air. 

Bay  iutrrpTcted  the  resalts  of  his  own  experiments  as  showing  tbnt  frM    | 
sltrogen  diMolviid  in  water  can  be  taken  np  by  planla. 

LuL'a  (1S58J  suggested  Ihnt  the  air  sarroundinx  plants  miiy  be  ow>nizpd,  and 
thns  the  nitnigea  in  it  convertud  into  nitric  acid  and  made  avnilable  for  tha 

Hurting  (18SB)  coooloded  that  the  free  nitrogen  of  the  air  is  not  proved  to    | 
serve  ilirectly  for  the  nutrition  of  the  plant, 

*  PbiloeophicTi!  Transnctions,  ISfil.  p.  ■131,     For  an  cicellent  descriptira    I 
tnd  drawing  of  the  complitate"!  apparatns  employed  in  this  capital  tnvestigir- 
tion  tbe  student  msy  consult  Johnaon'a  "  How  Craps  Feed,"  p.  30. 
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Itsliod  tbe  results  of  a  series  of  expcrunents  upon  tlio  sutijcct  of  ' 
the  appropriation  of  nitrogen  by  plaute.   These  experimente  were 
designed  to  settle  the  disputed  question.     Everj'  conceivable  pre- 
caution was  taken  to  avtjid  anj'  error,  and  the  plants  were  grown 
under  eonditiona  as  little  unlike  their  ordinary  surroundings  i 
poBsiljle.     Under  these  conditions  to  insure  healthy  growth,  they    ' 
were  deprived  of  all  access  to  nitrogen  except  as  it  existed  in 
the  free  state  ui  the  attnosphere  or  dissolved  in  the  water  sup- 
plied  to  them.     It  was  found  that  no  plants  appeared  to  maka 
use  of  the  free  nitrogen  of  the  atmosphere  or  of  the  uitrogea 
dissolved  in  water  supplied  to  tlieir  roots.     But  in  coi-tain  ca 
especially  of  leguminous  plants  cultivated  in  the  ojwn  air,  there 
is  an  apparent  gain  in  the  amount  of  nitrogenous  products  in 
the  plant  over  and  above  that  which  is  directly  attiibutable  to 
the  combined  nitrogen  furniaUed  to  it.' 


'  The  following  extructa  from  the  [ks|)er  by  Lawea,  Gilbert,  ntid  Pugh 
couvpy  B  cluar  idea  of  tlie  cautioua  numuer  iu  wliicb  tlicir  impartaut  n»ulU 
ue  reported :  — 

"The  reaalts  obtained  with  Gramiaaces  in  1858  •  .  •  point  without  tixc«p- 
tiDB  to  the  bet  that  imder  the  circumstnnceB  of  growth  to  which  the  plants  wen 
■iityecled,  no  BB«imiIation  of  fn-e  uitroRea  has  taken  place.  The  r^^lnr  pro- 
CM>  of  cell-formation  hut  gone  on  ;  carbonic  noid  hoi  been  docomposod,  and 
carbon  and  the  elenientB  of  water  have  been  traniformed  into  celluloM  ;  the 
plants  liBve  drawn  the  nitrogenous  compounds  from  the  older  uella  to  perTonn 
the  myaterioua  office  of  the  formation  of  new  cells  ;  thow  parts  have  been  de- 
veloped which  required  the  smalliut  amount  of  nitrogen,  and  all  the  stages  of 
gmwtb  have  been  passed  through  to  the  formation  of  glumes,  pales,  and  awni 
for  the  seed.  In  fact,  the  ])lanU  have  performed  all  the  runctions  tluit  it  U 
possible  for  a  plant  to  perform  when  deprivB<l  of  a  sulficient  siip[>ly  of  com- 
bined nitrogen.  They  hare  gone  on  thus  incmuiug  their  otganie  constituent! 
witli  one  constant  amoant  of  combined  nitrogen  until  the  inrceutage  of  that 
element  in  the  vegetable  matter  is  far  below  the  ordinary  amount  of  it,  —  that 
ia,  until  the  composition  indicates  that  further  development  hod  ceased  for 
wBUtofa  supply  of  available  nitrogen.  Throughout  all  thi!se  phases,  oaCar 
saturated  with  free  nitrogen  has  been  pas-ijog  through  the  plant :  nitrogen  dis- 
solved iu  the  Ruid  of  the  cells  has  constantly  been  in  tbe  most  iitlimate  contaot 
with  the  oonteutsof  the ccllsand  with  the  cell-walla"  (p.  528). 

Ot  leguminous  plants  the  inveatigatoni  say,  "  In  those  coses  in  which  « 
have  auccecileJ  in  getting  leftU'n'noaa  plauts  to  grow  pretty  hcalihUj  for  s   j 
eunsidomble  length  of  time,  the  rssults,  so  fur  aa  thi-y  go,  conGnn  those  ob-    J 
tslned  with  Graminaccn,  not  showing  in  their  ease,  any  more  than  with  tba   ] 
latter,  an  assimilation  of  free  uitrugen  "  (p.  £20). 

Further,  they  say,  *'  From  the  results  of  various  investigations,  w  well  ■ 
from  other  mnsiderations,  we  think  it  may  be  coucludeil  that  under  the  cEr-   I 
cumstancea  of  our  e>perimeut£.  on  the  question  of  the  assimilation  of  fi«s   ] 
nitro^n  by  plants,  there  would  not  be  any  supply  to  them  of  an  unacooui 
quantity  of  combined  nitrogen  due  either  lo  the  formation  of  OKygcn  c 
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671.  Kltrogni  compoaods  in  the  stmMpbere.  Tbc  atmospbera 
contains  loiuuU:  aiuouuts '  of  comliiiied  iiitit^en  in  tlie  form  of 
ainmouia,  uitric  aLul,  and  nitrous  ucid.  Tlie  auimonia  is  be- 
liiivod  to  exist  (except  wbere  from  local  c&uscs  tbcru  is  an  escape 
of  fhie  ammonia  IVom  some  source)  eombiaei]  with  eitber  carbouio  I 
or  nitric  acid. 

872.  Kltrogeo  in  roin-trater.  Tbe  nitrogen  comiwunda  are 
more  or  less  perfectly  removable  from  Ibe  air  by  rain,  and  in 
solution  can  be  made  available  to  plants  ttm>ugii  tbe  euil.  lE 
is  now  nceessary  to  examine  tbe  rcsnits  of  analyses  of  rain- 
walt-r  in  onler  to  aacei-tain  tho  amount  of  nitrogen  contained 
in  it. 

The  folluniiig  dnta  are  taken  n'om  llie  careful  experimcnte 
at  UuUiamated,  under  the  direction  of  Lawes,  Gilbert,  and  War- 
ington.  The  nitrogen  exiBting  aa  uitric  acid  and  ammonia  in 
the  rainfall  of  one  year  is  not  far  from  3.3  pounds  per  acre.  The 
proportion  of  Uiis  calculaU-d  as  ammonia  is  between  2.3  and  2.6 
pounds  per  acre,  tbe  balance  being  given  as  uitric  acid.  Be- 
sides the  foregoing  snbstaiiecs,  there  is  also  a  small  amount  of 
nitrogenous  organic  matter  in  the  air  nhtch  appears  in  the 
analyses  of  rain-water,  and  amounts,  according  to  Frankland,  to 
■  19  parts  per  million  parts  of  water.  Taking  a  somewhat  lower 
estimate  than  this,  Lawcs,  Gilbert,  and  Wariugton  give  tlie 
quantity  of  nitrogen  in  the  form  of  organic  matter  annually 


puiiiiiU  of  it  undsr  tlis  iallnencs  of  oione,  or  to  thai  of  »mnioni«  under  the 
inlluciicrof  inHccnt  Ujrdrogen"  (p.  540). 

But,  a*  sliown  hy  L»wm,  Gilbert,  ■nd  Pngh,  u  well  m  l.y  nmny  other  «x- 
periDivDlen,  leftominoiu  irrops  4ppra|>riate  (Tom  aome  lourco  conaiilpmbly  mure 
uitrDgEti  than  do  imuHes ;  for  iiuMnctr,  under  apjioreatlj  ■imilar  circumstances 
ofsupjily  of  combiueil  nitrofjen. 

For  an  excelUul  tn»tnipat  of  tho  wLnle  matter  of  approjiriatiaii  of  nitragen, 
tho  stiiilenC  abould  coneult  a  )«]wr  by  Atouter,  "  On  the  Aci|aisilioD  of  Atnioa- 
phme  Nitmgan  by  Plants"  |.\imriemi  Chrm.  Joum.,  lol.  vi.,  1885,  no.  6). 

'  The  following  flgurcs  serve  ainiplj  to  indicaUi  the  wide  range  in  ntulta 
obtained  by  different  obaem-n  who  h»ve  invHotigxIed  lliv  sniount  of  anmcmia 
in  the  atmosphurB.  Tho  daU  are  frum  Procwodings  of  Am.  Aanot.  for  Ad- 
TBDcementof  Science,  IS57,  p.  152. 

Amount  of  ammonia  in  ane  mltUon 
cDblD  mslBn  aiuusptaera. 
Wieabaieu  (daring  the  day)        ....     187.27 
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contributed  in  the  rain  as  1.08  pounds  per  acre.  *^We  may 
probabl}'  take  4.5  pounds  per  acre  as  the  best  estimate  we  can 
at  present  give  of  the  total  combined  nitrogen  annually  supplied 
in  the  Bothamsted  rainfoll.  Tliis  is  only  about  two  thirds  as 
much  as  the  earlier  results  indicated  as  due  to  ammonia  and 
nitric  add  alone.  ...  In  addition  to  the  combined  nitrogen 
carried  down  fh>m  the  atmosphere  in  rain,  we  have  to  consider 
any  gain  to  the  soil  or  to  the  crop  by  direct  absorption  of  am- 
monia or  nitric  acid  fh>m  the  air.  As  far  as  any  gain  fh>m  the 
atmosphere  to  the  plant  itself  is  concerned,  there  is  very  little 
direct  experimental  evidence  on  the  point,  but  such  as  is  avail- 
able would  lead  to  the  conclusion  that  its  amount  is  practically 
immaterial.  As  to  the  amount  of  gain  by  absorption  by  the 
soil,  there  is  unfortunately  no  direct  or  satisflEustory  evidence 
at  command.  From  such  evidence  as  does  exist,  we  are 
disposed  to  conclude  that  with  some  soils  the  amount  will 
probably  be  greater  and  with  others  less  than  that  supplied  by 
the  rainfall"  ^ 

873.  DIreet  absorptlas  of  amaonla  hj  leaves.  Under  certain 
circumstances  ammonia  can  be  absorbed  directly  by  leaves.  This 
will  be  fbrther  adverted  to  under  ^^Appropriation  of  Oi^anic 
Matters." 

874.  How  the  nitrogen  oorapoimds  of  the  atmosphere  are  formed. 
It  is  a  familiar  fact  that  under  certain  circumstances  the  free  nitro- 
gen of  the  atmosphere  cau  be  made  to  unite  with  oxj-gen  for  the 
production  of  nitric  acid ;  for  instance,  by  the  passage  of  a  spark 
of  electricity  through  a  confined  atmosphere  a  small  amount  of 
combined  nitric  acid  maj'  be  formed.  The  bearing  of  this  fact 
upon  the  existence  of  nitrogen  compounds  in  the  atmosphere  is 
very  obvious.  Schloesing,'  in  an  interesting  stud}*  of  the  nitro- 
gen compounds  of  the  air  and  soil,  attributes  to  the  atmosphere 
a  ver}'  impoitant  office  in  forming  and  distributing  nitrogen  com- 
pounds. According  to  him,  the  nitric  acid  contained  in  rain- 
waters on  escaping  from  the  soil,  where  it  is  only  lightly  held, 
finds  its  way  to  the  sea,  where  under  various  agencies  (notably 
that  of  vegetable  organisms  of  the  lowest  grade)  it  becomes, 
sooner  or  later,  changed  into  ammonia.  This  readily  escapes 
into  the  air,  and  is  carried  in  the  atmospheric  currents  to  all 
parts  of  the  world,  becoming  thereby  available  to  land  plants. 


^  Journal  Boyal  Agricultural  Society,  vol.  xix.,  part  2,  1883. 
*  Comptes  Rendus,  tome  Ixxxi.,  1875.    The  same  idea  has  been  more  or  less 
treated  by  others. 
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87-3.  Available  ultro^n  !n  the  §oll.  Wheo  aoimal  matters  ricli  . 
in  nitrt^CD  uoileigo  rapid  pulrt-faition,^  they  give  rise  to  numer- 
ous com  pounds,  promineDt  nmoDg  whicU  are  those  of  ammonia. 
Under  certain  conditions,  notably  the  presence  (1)  of  free  osy- 
gen  in  lai^e  amount,  or  (2)  of  an  alkali,  or  an  alkaline  carbonate, 
Btidi  animal  matters  are  also  slowly  broken  up,  and  nitrates  ara 
formed.  The  process  by  which  various  compounds  of  nili-ogen 
are  converted  Into  nitrates  is  termed  nitrification.* 

87G.  Vegetable  matters  which  contain  nitrogenous  substanoe 
in  the  usual  amount  may  likewise  undergo  dccomiwsitiou ;  but 
owing  tu  the  presence  in  such  matters  uf  a  large  proportion  of 
carbohydrates,  for  instance  the  cellulose  of  the  cell-walls,  tlie 
process  of  decomposition  is  more  complex  than  in  animal  mottera 
and  its  products  more  diverse.  Some  of  the  products  are  proba- 
bly ideutical  with  those  formed  from  the  decomposition  of  albu- 
minous matters  of  animal  origin;  namely,  ammonia,*  or  ammonia 
compounds,  and  nitrates ;  but  the  larger  number  of  them  are 
compouniis  which  are  nearly  or  quite  insoluble  and  have  been 
thought  to  be  inert.*  But  experiments  have  shown  that  under 
cerUin  conditions  these  less  available  compounds  of  nitrogea 


'  For  a  JiwuMion  of  Ihe  virions  phmea  and  conditions  of  dpcompoaition  Iba 
ttuilrnt  i.4  rofrtred  to  the  third  voluiiiu  of  lliis  wrirs,  iu  which  lli«  diifKrent 
fonni  of  rfniH-ntstiiiu  and  putrefaction  are  to  bir  trwitod.  It  is  enough  now  to 
notB  ttiat  these  proccsgea  are  ewentiatly  due  to  Ihe  prewace  and  actirity  of 
miouu  atipuiBniii,  —  the  lowest  tangL 

*  The  ntudent  will  fiud  in  Johnson'*  "  How  Crops  Fe«i,"  p.  289,  an  ei- 
cellent  account  of  thin  mont  important  topic.  He  ii  rer«rrpd  also  to  Bonuin- 
gault'i  "A^tTonomie,"  18B0,  and  varioun  orttclea  in  Vennrlii-Statiooen. 

*  The  following  data  indicate  the  anionnts  of  nitrogen  in  certain  soila,  u 
drtenninvd  b^  BoUBsinKttult  (Agronomie,  ii,,  1S0I,  pp.  14,  IS).  The  r«dao- 
tiona  to  pounds  pet  acre  are  (nm.  Johnaon's  "  How  Cropa  Feed,"  p.  276. 
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*  Experimfnta  b;  Boueainginit  (Agronomic,  i.  1300)  can  hardly  be  ii 
twprrled  in  any  other  way.  One  reason  for  his  results  has  been  sought  in  II 
(act  tlut  he  employed  only  very  small  amounts  of  vegelnble  matter  in  his  nd- 
mixtureii  of  toil ;  but  all  of  his  experiments  are  regaided  as  models  of  sccnracj 
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in  the  soil  can  be  turned  to  a  very  important  account  bj  the 
plant. 

877.  Nftrofren  nmd  by  wild  and  cnltirated  plants*  From  the 
sources  described,  wild  plants  obtain  a  sofilcient  supply  of 
available  nitrogen.  In  some  localities,  notably  in  portioDS  of 
the  tropics  and  along  the  rich  alluvial  deposits  of  rivers,  the 
stores  of  available  nitrogen  are  so  abundant  that  all  vegetation 
flourishes  with  great  vigor,  and  even  cultivated  plants,  which  ap- 
pear to  be  more  exacting  than  wild  plants  in  their  demands  for 
nitrogen,  can  obtain  an  adequate  supply.  Further,  it  has  been 
abundantl}'  shown  by  the  long-continued  experiments  at  Rotham* 
stcd,  that  the  same  soil,  unenriched  by  additions  of  manures,  can 
yield  even  after  twenty-five  years  enough  nitrogen  for  the  needs 
of  fair  or   moderate  crops. 

87H.  In  the  onlinarj'  cultivation  of  plants  it  is  profitable 
to  augment  in  some  waj'  the  suppl}'  of  nitrogen  in  most  soils. 
Under  some  circumstances  this  augmentation  can  be  acoom* 
plishcd  to  a  certain  extent  b}'  mere  tillage  or  by  the  exposnre 
of  fresh  portions  of  soil  to  the  action  of  the  atmosphere.  Bnt 
it  is  usually  effected  by  the  employment  of  natural  or  artificial 
manures.  The  former  consist  of  the  excrementitious  matters 
of  animals  or  of  the  waste  products  from  plants.  These  ex- 
crementitious matters  represent  a  large  part  of  what  the  ani- 
mals have  consumed,  and  must  have  come  either  directly 
or  indirectly  from  the  vegetable  kingdom ;  hence  the}'  onl}'  re- 
store to  the  soil  that  which  plants  had  at  some  time  removed 
therefrom. 

In  tlie  preparation  of  artificial  fertilizers  an  effort  is  made  to 
provide  for  the  plant  the  mineral  and  nitrogenous  matters  which 
it  rccjiiiros.    A  large  proportion  of  these  fertilizers  are  composed 

throiirjhoiit,  nnd  can  leave  no  doubt  tlinl,  under  the  conditions  of  bis  trials, 
there  wna  jinictioally  no  utilization  of  the  soil  nitrogen  by  the  plants. 

On  the  other  hand,  experiments  by  Wolff  (Chcmisch.-Phannaceut.  Central- 
Bktt,  1852,  p.  657),  Johnson  (Peat  and  its  Uses,  1866,  p.  79),  and  Storer 
show  that  under  certain  conditions  the  phmt  can  avail  itself  of  the  nitrogen 
organically  combined  in  the  soil.  The  works  of  the  above  authors,  which  are 
only  a  few  of  those  Waring  on  this  imi)ortant  matter,  will  place  the  student  in 
possession  of  the  methods  of  experimenting. 

Storer's  interesting  communication  in  the  Bulletin  of  the  Bussey  Institu- 
tion (Vol.  i.,  1874,  p.  252),  "  On  the  Imjiortance  as  Plant-food  of  the  Nitrogen 
in  Vegetable  Mould,"  gives  not  only  an  account  of  his  experiments  but  also 
a  forcible  presentation  of  the  principal  arguments  in  favor  of  the  belief  that 
the  "soil-nitrogen  "  (that  is,  the  nitrogen  in  vegetable  niouhl)  is  by  no  means 
inert. 
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of  a  certain  nmoiint  of  available  calcic  phosphate  together  with 
a  salt  ofpotassa  and  eoiue  available  nitrogenous  matter.' 

It  has  been  shown  (p.  348)  that  some  plants  require  more  of 
one  kind  of  food  than  others ;  and  hence  the  attempt  has  been 
ollen  made  to  prepare  exactly  the  special  fertilizer  whiuh  a  given 
crop  may  reqnire. 

879.  Nitric  acid  and  the  nitrates.  Experiments  with  water- 
culture  have  shown  that  planls  can  derive  all  the  combined  nitro- 
gen needed  for  their  growth  from  nitric  acid  and  the  nitrates. 
But  it  has  also  been  clearly  shown  that  there  are  striking  difler- 
enccs  in  the  capacity  which  plants  possess  for  appropriating 
nitrogen  (Vom  these  compounds.  Even  in  the  common  agricul- 
tural plants  there  are  some  differences  in  this  respect, 

880.  A  large  number  of  nitrogen  compounds,  such  as  as- 
parngin,  urea,  albumiu,  etc.,  have  been  employed  in  experiments 
ii|>on  plants,  but  most  of  the  results  possess  little  interest.  It 
mny  be  said,  in  general,  Uint  the  so-called  alkaloids  (which  con- 
tain nitrogen)  cannot  be  utilized  even  by  the  very  plants  from 
which  they  were  made' 

881.  SjntbesLs  of  albnmlDqns  matters  In  the  plant.  A  distinc- 
tion is  made  between  the  newly  formcil  or  fivst-formed  aibiimi- 
nons  substances  in  the  plant  and  those  which  have  undei^onc 
chemical  changes  iu  the  organism,  as  for  instance  the  changes 
in  germination.  Two  views  have  been  held  respecting  the  place 
where  the  formation  of  the  new  protein  matters  occurs  in  the 

'  The  fullnwing  aniilyuB,  takgn  from  thv  Report  of  tLa  Connecticat  Agri- 
culliinil  Experiment  Staliou  Tor  1883,  ioilicate  tlie  couijioaition  of  »  lew  lach 
■nbatnnucB :  — 
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For  nn  ■trciunt  of  tiio  roiumcrcul  prtcn  of  iiiv  RTiiilnble  nitrogen  com- 
ponncU  for  I8S:l-t8S4,  seaKeport  of  Connecticnt  Agriniltural  ExpeniDciit 
Stntion,  18S5. 

'  For  a  »hort  nrpount  of  the  bitilingrBphy  of  Ibis  mtyect  the  student  should 
cousult  Pfettet's  fSmozeDphymAogiB,  i.,  ISSI,  p.  343. 
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higher  plants ;  namely,  (1)  that  in  &Tor  of  the  cUorophyU  oeUs, 
(2)  that  in  favor  of  the  conductive  tissues  of  the  petiole  and 
stem.  So  far  as  analogy  drawn  fh>m  the  lower  plants  is  ood- 
cemed,  one  of  these  views  is  as  tenable  as  the  other ;  for  while 
in  a  simple  alga  all  the  formation  of  new  protein  matters  must 
go  on  in  a  cell  where  there  is  chlorophyll  or  its  equivalent,  in 
the  case  of  a  Aingus,  nourished  as  in  tiie  experiments  of  Pastear 
upon  a  simple  ternary  body  and  a  nitrate,  the  process  must  of 
necessity  take  place  in  cells  where  no  chlorophyll  is  present. 

882.  Exact  observations  upon  the  subject  of  the  formation  of 
albuminous  matters  in  the  plant  are  not  abundant.  Reference  will 
be  made  here  chiefly  to  those  by  Emmerling,  who  carried  on  an 
extended  series  of  investigations  with  Yicia  Faba.  He  examined 
all  parts  of  the  plant  with  respect  to  the  inorganic  nitrogen  com* 
pounds  fbmished,  and  then  sought  for  the  protein  compounds 
resulting  therefrom.  His  results  are  interpreted  as  showing  that 
the  nitric  acid  which  is  absorbed  fh>m  the  soil,  and  can  be  detected 
in  all  parts  of  the  roots  and  stems,  disappears  very  rapidly  in 
the  leaves  and  all  parts  which  are  actively  growing,  so  that  there 
is  found  only  a  mere  trace  in  them.  According  to  him,  it  is  ia 
green  leaves  that  the  transformation  of  nitrogenous  matters  takes 
place.  The  first  product  of  this  transformation  is  not  at  present 
certainly  known ;  but  there  is  good  reason  to  regard  it  as  a  mem- 
ber of  the  group  of  carbamldes.^  Those  parts  of  the  plant  which 
are  rapidly  growing  are  much  richer  in  amides  than  the  older 
and  more  fully  develoi^ed  i>ortion8.  This  fact  is  shown  by 
Kcllner  ^  to  be  true  of  pasture  grass,  in  which  the  amides  are 
more  abundant  in  the  young  than  in  the  old  parts. 

APPROPRIATION  OF  SULPHUR. 

883.  The  amount  of  sulphur  which  exists  as  an  essential  part 
of  the  albuminous  matters  of  the  plant  is  quite  small,  being  not 
far  from  one  per  cent.' 

884.  As  already  shown  (681),  sulphur  is  taken  into  the 
plant  in  the  form  of  sulpliatcs,  chiefly  calcic.  The  calcic  sul- 
phate *  is  probably  decomiK)8ed  by  the  oxalic  acid  produced  by 
the  plant,  and  thus  an  insoluble  calcic  oxalate  is  formed ;  then 

^  Vereuchs-Stationen,  xxiv.,  1880,  p.  118. 

*  Centralbl.  f.  Agric-Chem.,  1879,  p.  271. 

*  Ranging,  according  to  Eberinayer,  from  .4  to  1.8  per  cent  (Physiologische 
Chemie  der  Pflanzen,  1882,  p.  616). 

*  Holzner :  Flora,  1867. 
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by  a  process  of  reduction  the  sulplmr  is  set  free  to  unite  with  the 
&lbuiainous  matters  alrcndj'  described. 

The  abundant  occurrence,  in  conducting  tissues  of  stems  and 
petioles,  of  calcic  oxalate  resulting  from  the  changes  described  has 
been  held  to  indicate  the  probable  seat  of  nlbuminous  synthesis.' 

885.  The  general  stalomeuts  which  have  now  been  made  re- 
specting the  appropriation  of  carbon,  nitrogen,  and  sulphur  hold 
goo<l  for  all  ordinary  land  and  water  plants.  There  are  a  few 
plants,  however,  concerning  which  they  must  be  somewhat  modi- 
fied, and  these  are  here  for  convenience  treated  of  together; 
as  humus-plants,  parasites,  insectivorous  plants,  and  epiph.iies. 
It  must  be  remembered  that  in  all  these  apparently  exceptional 
coses  the  mechanism  of  nutrition  is  not  radically  different  ft-ora 
that  which  other  plants  possess  at  some  period  of  their  Uvea 
or  in  some  slight  degree. 

APPROPRIATION  OF   OUGANIC  MATTERS. 

886.  Hn mas- plants,'  or  Saproptajles.  Among  the  higher  plants 
there  are  some  (lor  example,  Kpipogium  *)  which  derive  all  their 

1  Snc^Iii :  Tflxt-boolc,  2d  Eng.  ed.,  1882,  p.  711. 

I  Aa  B  mutter  cbielly  oS  liistorirat  interest,  the  "hnmns  theoTy"  most  bo 
TeTerretl  to.  As  stated  in  Che  'words  or  Liebig,  its  autlior,  it  ia  biieflj  u 
follows  :  — 

'•  Wooily  fibre  in  >  rtatc  of  decaj  is  the  snbstanta  culled  kumva.  .  .  . 
Humns  icti  in  llie  tame  manner  in  a  soil  permeable  to  air  as  the  air  itte\t ;  it 
ia  ■  continaed  source  of  carbonic  acid,  which  it  emita  verj  slowlj.  An  atmos- 
phere of  carbonic  acid,  formed  at  the  eipenae  of  the  oxj^en  of  the  air,  aur- 
roanda  eirery  particle  of  decaying  humns.  The  cuUiTation  of  land  by  tilling 
and  looseuing  the  soil,  causes  a  free  and  nnobatructed  accem  of  air.  An  atlnoa- 
phere  of  carbonic  oMd  is  therefore  contained  in  erery  fertile  soil,  and  is  tbt 
lirst  and  most  important  food  for  the  young  plants  which  grow  in  iL  .  .  .  The 
roots  perform  the  functions  of  the  leaves  fnim  the  fir^l  moment  of  their  forma- 
tiun  :  thej  uCraut  fmrn  the  soil  their  proper  nutriment,  namely,  the  carbonic 
acid  gi^nerated  by  the  bnmus.  .  .  .  Wh^n  a  plant  is  qnite  matured,  and  when 
the  organt,  bj  which  it  obtain*  food  (ram  the  atmosphere,  are  formed,  the  car- 
bonic acid  of  the  loil  is  no  further  ivqnircd.  .  .  .  Humus  does  not  nourish 
plantt  by  being  aasimilated  in  its  unaltered  state,  but  by  pnsenting  a  alow 
and  litsling  source  of  carbonic  acid,  which  is  absorbed  by  the  rooU  "  (Chem- 
istry in  iu  Application  to  Agricultnre,  American  eililion,  1812,  pp.  65  tt  teg). 

It  has  been  shown  by  the  investigations  referred  to  in  the  text  that  plants 
can  be  grown  wilh  rigor  and  carried  to  complete  maturity  without  the  supply 
of  carbonic  acid  to  the  roota.  and  hence  the  "  hnmus  theory  "  is  emptied  of  all 
itii  vdIuo  ;  but,  as  will  he  shown  later,  the  decaying  vegetable  matter  in  soila 
has  important  fanctiona. 

■  PfeSer's  Pflaozeiiphyiiolagie,  L,  1S81,  p.  22S. 
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nutriment  from  the  decaying  or  decayed  remains  of  other  plants ; 
while  others,  like  Monotropa  uniflora  and  the  Orobanchaceae,  ob- 
tain part  of  their  food  from  living  plants.  True  parasites  obtain 
their  nourishment  fh>m  living  organisms,  whereas  humus-plants, 
or  saprophj'tes,  live  upon  the  stnicturcs  of  dead  ones.  From  the 
decaying  vegetable  mould  they  procure  all  the  ternary  substances 
needed  for  their  own  fabric,  and  also  the  nitrogenous  substances 
needed  for  their  own  protoplasmic  matters.  It  is  not  known 
exactly  how  saprophytes  turn  to  account  the  comparatively  inert 
nitrogenous  matters  of  vegetable  mould,  but  the  process  is  thought 
to  depend  upon  the  action  of  a  solvent,  unorganized  ferment, 
somewhat  similar  to  that  which  effects  changes  in  the  food  within 
reach  of  the  embrj'o  of  the  seed. 

887.  Parasites  obtain  a  large  part  of  their  food  fVom  living 

organisms.  In  some  cases  they 
appear  to  be  able  thus  to  procure 
all  the  food  they  require ;  but  most 
of  them  can  be  shown  to  elaborate, 
by  means  of  the  small  amount  of 
chlorophyll  which  they  possess,  a 
small  part  of  their  food.  The 
haustoria,  b}'  means  of  which  -they 
abstract  from  other  plants  the  as- 
similated matters,  have  been  de- 
scribed in  351.  After  the  parasite 
has  fairly  fastened  itself  upon  the 
host-plant,  it  acts  with  respect  to 
the  tissues  of  the  latter  much  as  if 
it  were  an  offshoot  of  the  host.  It 
appropriates  the  assimilated  matters 
as  the}'  are  needed,  and  consumes 
them  in  substantially  the  same  way 

that  an  embryo  consumes  the  food  stored  in  the  endosperm.^ 

888.  InsectlToroos  or  carnivorous  plants,  as  already  explained 
in  Volume  I.  page  110,  et  seq,^  are  those  which  are  provided  with 
some  specialized  apparatus  for  the  utilization  of  animal  matters. 


1  For  an  interesting  account  of  the  more  striking  cfTects  produced  upon  the 
host-plant,  the  reader  should  consult  Frank  :  Die  Pflanzenkrankheiten,  1879. 

The  ndations  which  exist  lietween  the  ash-constituents  of  the  parasite  and 
its  host  have  l)een  examined  by  Keinsch. 

Fio.  152.  Ciwcuta,  a  parasite.  Tlie  coiled  embryo  and  seedling  are  shown  In  the 
rifflit-hand  f>ketches;  in  the  other  sketch,  the  adult  plant,  with  its  flower-dusters,  at- 
tached to  the  liviiig  stem  of  another  plant. 
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The  atmcture  and  office  of  the  prehensile  and  digestive  appaia- 
tus  are  now  to  he  illustrated  by  the  following  examples; —  I 

S89.  Drosera  rvtnndi folia,  or  round-leaved  Biiiiduw,  growl 
abundantly  in  northern  peat-bogs  and  in  sand  rabced  with  vege- 
table mould,  both  in  the  Old  World  and  the  New.  The  plant 
has  a  few  (4  to  13)  leaves,  arranged  in  a  flat  tuft  at  the  hose  of 
the  flower-stalk,  and  narrowed  at  Iheir  bases  into  hairy  petioles. 
The  moat  striking  eharacter  of  the  leaves  is  the  thick  clothing 
of  peculiar  hairs,  otherwise  known  aa  tejilacha  or  glands,  ft'om 
the  tip  of  each  of  which  exudes  a  drop  of  a  clear  viscid 
liquid.  These  hairs  are  complicated 
in  structure.  They  contain  all  the 
bistologieal  elements  proper  to  the 
leaf  itself;  for  this  reason  it  has  been 
thought  by  some  that  thoy  should  be 
regarded  as  processes  from  the  leaf 
rather  than  as  hairs.  The  marginal 
tentacles  are  long,  have  purple  stalks, 
and  arc  terminated  by  elongated  pur- 
ple glands:  those  towards  the  middle 
of  the  leaf  are  shorter,  hare  greenish 
stalks  and  ovoi<l  glands.  Each  gland 
consists  of  a  double  layer  of  [jolygo- 
nal  cells  which  surround  a  central 
body  composed  of  elongated  cells 
and  a  few  trachclds.  The  proto- 
plasmic lining  of  all  the  cells  is  transparent  and  thin,  and  the  1 
cavity  is  filled  with  an  homogeneous  purple  fluid.  The  tra-  J 
chelds  pass  by  insensilile  gradations  into  mtnnte  spiral  ducts. 

890.  The  mode  of  action  in  Drosera  is  as  follows :  When  \ 
s  small  object  is  placed  on  the  middle  glands,  a  sluggiBh  move-  * 
ment  is  soon  detected  in  the  marginal  tentacles.  If  the  object 
is  a  fragment  of  animal  matter,  the  motor  impulse  is  comma- 
nicated  rapidly,  and  the  marginal  tentacles  curve  sharply  over 
npon  the  fragment,  bringing  the  glands  in  contact  with  it.  The 
bla<ie  of  the  leaf  also  sometimes  becomes  enn'ed.  forming  a  shaU 
low  cup.  Inorganic  and  such  organic  matters  as  are  not  acted 
on  by  the  secretion  from  the  glands  act  more  slowly  in  causing 
movement  of  the  t«ntaclcs  than  do  soluble  organic  substances, 
and  no  movement  follows  unless  the  object  rests  upon  the 
glands  themselves,  not  merely  on  the  secretion  which  i 
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Itanrin  (band  that  morement  was  erased  bj  ibe  C 
of  ■  pcrtiele  wcigbing  only  .0008  millignm  (rrfin  ^'^  ■  gnio)- 
Wben  ft  tonUde  has  btwn  exciud  bf 
(XMitact  with  ■  Bolid  pnrliclc,  tbert  is  seen, 
after  aotne  hoare,  a  remarkaljle  rhiuige  in 
its  cells  DeKr  the  gLmd.  "  Instvad  of  be- 
ing filled  with  boiDOgeneous  purple  fioid. 
they  now  contain  variously  shaped  masses 
of  porple  matter  suspended  in  a  colorieas  or 
almost  oidorless  fluid."*  Tentacles  which 
hare  been  tbos  acted  on  by  contact  of  par- 
ticles have  a  mottled  appearance,  and  can 
be  picked  out  with  ease  from  all  the  otbera. 
Tbe  cbaoge  of  contents  is  termed  by  Darwin 
aggregation.  "The  little  masses  of  aggre- 
gated matter  are  of  tbe  most  direnified 
•ha|)es,  often  spherical  or  oval,  sometimes  much  elongated,  or 
quite  irregular  with  thread  or  necklace-like  or  club-fonned  pro- 
jections. They  consist  of  thick,  apparently  viscid  matter,  which 
in  the  exterior  tentacles  is  of  a  purplish,  and  in  the  short  distal 
tentacles  of  a  greenish,  color.  These  little  masses  incessantly 
change  tbcir  forms  and  positions,  being  never  at  rest.  .  .  . 

"Shortly  after  tbe  purple  fluid  wilbin  the  cells  has  become 
aggregated,  the  little  masses  Boat  about  in  a  colorless  or  almost 
colorless  fluid  ;  and  the  layer  of  white  granular  protoplasm  whidi 
flows  along  tlie  walls  can  now  be  seen  much  more  distinctly. 
The  stream  flows  at  an  irregular  rate,  up  one  wall  and  down  the 
opposite  one,  generally  at  a  slower  rate  across  the  narrow  ends 
of  the  elongated  eells.  and  so  round  and  round.  But  tbe  current 
sometimes  ceases.  The  movement  is  often  in  waves,  and  their 
crests  sometimes  stretch  almost  across  the  whole  width  of  tb« 
cell  and  then  sink  down  again.  Small  spheres  of  protoplasm, 
apparently  quite  free,  are  often  driven  by  the  current  round  the 
cells ;  and  filaments  attacbcd  to  the  central  masses  are  swayed 
to  and  fro,  as  if  struggling  to  escape.  Altogether,  one  of  tbese 
cells,  with  the  ever-ehanging  central  masses  and  with  the  layer 
of  protoplasm  flowing  round  tbe  walls,  presents  a  wonderful 
acene  of  vital  activity." ' 
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Tlic  aggregation  ia  caused  by  various  nitrogenous  organic 
fluids  and  salts  of  ammouia ;  the  most  efHclenl  agent  for  its  pro- 
duetioQ  being  amnionic  carbonate,  ,O004S2  oiilligrnm  (m'^oo  "^ 
n  grain)  being  enough  to  cause  aggregation  in  all  the  cells  oT  a 
tentacle.  Tlicse  figures  show  tlie  extreme  aensitiveuess  of  tha 
tentacles  and  glands  to  sligbt  external  impressions. 

891.  "  If  the  glands  are  excited  either  by  the  absorption  ot 
nitrogenous  matter  or  by  meclmnical  irritation,  their  secrctu>a 
increases  in  quantity  and  bocomos  acid."  That  it  contains  bb 
unorganized  ferment  admits  of  no  question.  The  secretion  after 
excitation  possesses  the  power  of  dissolring  the  albuminoids  sub- 
Btantially  as  the  gastric  juice  of  animals  does.  When  an  insect 
alights  upon  tlie  leaf  of  Drosera,  its  violent  struggles  to  escape 
only  wind  more  closely  about  it  the  threads  of  viscid  matter 
from  the  glands.  Soon  the  tentacles  close  around  it,  and  the 
increased  secretion  of  the  digestive  fluid  brings  about  a  troa 
digestion  of  the  nitrogenous  matter. 

893.  That  the  digested  mattei-soan  be  absorbed,  appears  from 
numerous  experiments.  In  these,  afler  the  disappearance  of 
albuminous  matters  impregnated  with  a  salt  of  lithium,  it  was 
possible  with  the  spectroscope  to  detect  the  salt  in  the  plant. 
I'urts  of  the  leaves  remote  from  the  scat  of  digestion,  being 
dried,  calcined,  moistened  with  hydrochloric  acid,  and  placed  in 
the  colorless  flame  of  a  Bunsen  burner,  gave  the  characteristic 
lithium  line. 

8a3.  J)oes  the  plant  gain  ant/  adoantage  hy  this  absorption 
of  organic  matterf  Francis  Darwin's'  esperimenta  upon  this 
eubject  may  be  briefly  stated  as  follows :  — 

Two  sets  of  thrifty  plants  of  Drosera  were  cultivated  under 
the  same  conditions,  with  the  single  exception  of  a  provision  of 
animal  food  to  the  leaves  of  one  set.  At  the  conclusion  of  an 
experiment  extending  through  three  months,  the  ratios  between 
the  unfed  and  the  fed  plants  were  as  follows  :  — 

CdM.     Fed. 
Weigbtof  planta.  «ii:liiBi»eotflower.»tero»    ....     100:131-6 

Kimiberof  Hower-atcnia 100  :  I6t.» 

Total  wiright  of  flawtir-atpm 100  :  S3I.9 

ToUl  number  of  cipwlea IDD  :  191.4 

Average  weight  per  «ec<l 100  :  1S7.3 

Total  calciiUtcd  uumber  of  sn^  prwloiced     ....     100  :  SU.S 
Total  G«lcuUted«ei;(bt  of  uol* 100  ;  379. 7 

'  Jonmal  of  the  Linnaon  Society,  xvii.,  1880,  p.  17. 

"Two  huiiilreil  pUiiU  of  DroKra  rotiindiralia  wrra  tmnapliuiled  in  June  suit 

cuttiratrd  in  soup-plaW*  Bllol  with  id oas  during  the  mt  of  the  lummor.    Each 
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894.  DioBna  HMclpab,  or  VenQs'a  fly-trap,  grows  sparingly 
in  8&D<1y  soil  near  WilmiDgton,  North  Carolina,  and  in  one  or 
two  other  localities  along  tlie  Carolina  coast.  Its  leaf  conuats  oS 
two  rather  distinct  parts,  —  tlie  two-valved  trap  at  the  extremity, 


and  a  petiolc-Iike  support.  It  is  probable  that  the  support  is  not 
a  true  i>ctiole,  but  a  Icaf-bladc,  while  the  tra|>  is  a  special  ap- 
gwndagc  developed  upon  the  tip  of  the  leaf-blade. 

89J.    The  spring-trap  is  mado  up  of  two  sj  mmetrical  halves 
meeting  at  a  median  hinge.     The  outer  border  of  each  half  is 

jilale  was  dirMpd  into  halves  by  a  low  vooilen  partition,  one  side  being  des- 
tined to  be  fed  villi  meat,  while  tlie  plauta  in  the  o)i]>asite  half  were  to  be 
Blari'^.  Tlie  platos  wera  [ilaiwl  altJigi'ther  mider  a  gnii/e  case,  ta  thai  the 
'starved'  jilants  might  be  prevented  from  obtaining  fuod  hy  the  capture  of 
insects.  The  mrlhod  of  feeding  consisli-d  in  )<upplying  e.ieli  leaf  (on  the  fed 
sides  of  the  nil  plate>)  with  one  or  two  small  bits  of  roast  meat,  eaeh  netghin); 
■bout  one-liftiefh  of  a  grain.  This  opralion  was  repeated  every  few  dajs  from 
the  banning  of  July  to  the  liist  days  of  September,  when  the  final  comparison 
ofthe  two  seta  of  plants  was  made"  (Nature,  xvii.,  1878,  p.  £23). 
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fHiigod  with  stiff  bristles  so  placed  &a  to  interlock  nLen  the  trap 
is  sliiit.  Tbo  upper  fucc  of  cicli  imlf  is  somewhat  convex  when 
the  trap  ia  open,  and  upon  it  there  are  three  deli catu  liaira  irhieh 
are  exceedingly  sensitive.  Suppoaing  the  plant  to  be  in  healtb 
and  niuler  fuvurublc  conditions,  the  lightest  touch  upon  one  of 
tlie  hairs  u|>on  the  face  of  the  trap  will  cause  the  valves  to  close 
instantly,  bringing  their  edges  in  apposition.  A  light  touch  ia 
the  median  line,  that  is,  at  the  hinge,  will  produce  the  same 
eSbct.  The  sensitive  hairs  each  consist  of  several  rows  of  elon- 
gated cells  so  arranged  as  to  fonn  a  eoaical  filament  resting  on 
a  constricted  base  and  attached  by  an  articulation  to  a  rounded 
group  of  cells.  This  structure  enables  the  hairs  to  bend  when 
the  trap  is  shut. 

896.  The  digestive  apparatus  consists  of  minute  reddish 
short-stalked  glands  made  up  of  a  few  polyhedral  cells.  These 
do  not  secrete  any  fluid  unless  excited  by  the  presence  of  food- 
materials,  when  they  secrete  copiously  a  colorless,  glairy,  acid 
liquid,  containing  an  unorganized  ferment  similar  to  that  produced 
by  the  stomach  of  animids,  if  not  identical  with  it.  Scattered 
among  the  secretory  glands  are  numerous  compound  hairs  formed 
of  eight  divergent  celb,  which  arc  generally  orange  or  brown 
in  color. 

897,  From  experiments  by  Darwin  and  others  it  is  clear  that 
dry  albuminous  solids  do  not  excite  the  action  of  the  glands,  but 
if  moistened  very  slightly,  they  call  the  glands  into  activity. 
Moreover,  if  the  bit  of  meat  or  other  albuminous  matter  be 
placed  on  the  valves  in  such  a  way  as  not  to  spring  the  trap,  the 
valves  will  soon  slowly  close  without  further  touch.  Aggrega- 
tion takes  place  in  the  cells  of  the  glands  in  much  the  same  way 
as  in  Droaera. 

81)8.  When  a  small  insect  is  caught  by  the  springing  of  the 
trap,  it  can  escape  after  a  time  through  the  spaces  left  between 
the  bristles  at  the  border ;  but  if  the  insect  is  of  moderate  size, 
its  escape  is  impossitile :  the  valves  shut  down  more  and  more 
tightly  upon  it,  and  digestion  soon  begins. 

899.  The  opening  of  the  valves  after  digestion  takes  place  in 
different  times  according  to  the  vigor  of  the  plant  and  nature 
of  the  prey.  After  a  mere  touch  by  which  the  trap  is  sprung 
vithnut  an.vthing  in  it,  the  valves  will  again  open  of  themselveB 
in  a  day  or  even  less.  When  the  trap  is  closed  by  a  bit  of  meat, 
the  valves  open  in  from  three  or  four  days  to  rather  more  than 
a  week ;  when  it  closes  over  a  lai^e  insect,  they  remain  shut  for 
a  much  longer  time,  even  for  a  month. 
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900.  Canby^  states  that  he  has  known  '' vigoroas  leaves  to 
devour  their  prey  several  times ;  but  ordinarily  twice,  or  quite 
often  once,  was  enough  to  render  them  unserviceable."  Mrs. 
Treat*  observes  that  "  several  leaves  caught  successively  three 
insects  each,  but  most  of  them  were  not  able  to  digest  the  third 
fly,  but  died  in  the  attempt.  Five  leaves,  however,  digested 
each  three  flies  and  closed  over  the  fourth,  but  died  soon  after 
the  fourth  capture.  Many  leaves  did  not  digest  even  one  large 
insect." 

901.  The  following  experiments  by  Darwin  illustrate  the  flow 
of  the  secretion:  ^^  A  bit  of  albumin  j^j  of  an  inch  square  but 
only  ^  in  thickness,  and  a  piece  of  gelatin  ^  inch  long  and  ^ 
broad,  were  placed  on  a  leaf  which  eight  daj's  afterwards  was 
cut  open.  The  surface  was  bathed  with  slightly  adhesive  acid 
secretion,  and  the  glands  were  all  in  an  aggregated  condition. 
Not  a  vestige  of  the  albumin  or  gelatin  was  left.  Similarly 
sized  pieces  were  placed,  at  the  same  time,  on  wet  moss  in  the 
same  pot,  so  as  to  be  subjected  to  nearly  similar  conditions ; 
after  eight  days  these  were  brown,  decayed,  and  matted  with 
fibres  of  mould,  but  had  not  disappeared."  * 

902.  That  the  digested  matters  are  absorbed  by  the  leaf  has 
been  shown  by  the  spectroscope,  as  in  the  case  of  Drosera ;  but 
no  experiments  are  yet  on  record  as  to  the  effect  of  this  nutritive 
matter  on  the  plant. 

The  character  of  the  movement  by  which  the  trap  is  sprung  is 
spoken  of  in  the  chapter  on  ''  Movements."' 

903.  Other  insect-catching  Droseraceie.  Drosera  and  Dionaea 
are  members  of  the  order  Droseraceie.  Its  four  remaining 
genera  have  also  the  power  of  capturing  insects. 

Aldrovanda  has  been  well  called  a  miniature  Dionaea.  Its 
bilobed  leaves  float  in  water  (the  plant  being  destitute  of  roots). 
Each  leaf  is  two-valved,  something  after  the  fashion  of  Dionaea, 
but  each  valve  is  made  up  of  two  parts.  One,  near  the  hinge 
in  the  median  line,  is  provided  with  colorless  glands ;  the 
other,  a  sort  of  thin  film  outside,  has  no  true  glands.  On 
the  inner  part  there  are  some  extremely  delicate  hairs  which 

*  Cited  by  Darwin  :  Insectivorous  Plants,  1875,  p.  31 1. 

*  Insectivorous  Plants,  p.  302. 

'  Burdon  Sanderson  has  investigated  the  electrical  disturbance  which  takes 
place  when  the  trap  of  Dionaea  is  sprung.  For  details  and  conclusions  see  the 
following  papers  :  Proceedings  of  the  Royal  Society,  vol.  xxi.  p.  495,  and  Na- 
ture, X.,  1874,  pp.  105,  127.  Similar  electrical  disturbances  are  exhibited 
when  an}'  fi-esh  vegetable  structure  is  sharply  bent. 
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have  been  shown  to  be  scDsitive,  and  od  touching  them  the 
valves  uluse.  By  this  plant  inlauto  water-iiiBects  and  crusta- 
ceans ore  captured  (see  Fig.  1S)0). 

J>ro8ophyUi(m,  a  rare  plant  Tonnd  in  Portugal,  catehea  insccta 
by  a  viscid  Bccrction  IVom  minute  mushroom'sha|>ed  glands. 
The  tentacles  do  not  have  the  power  of  movement  possessed 
by  those  of  Droscra.  That  its  glands  can  secrete  a  digestive 
fluid  appears  from  Mr.  Dai'win'a  experiments. 

Jioridula,  found  at. the  Cape  of  Good  Hope,  and  Bybtis,  of  ' 
western  Australia,  closely  resemble  the  viscid- haired  Droseracese, 
whidi  have  been  examined  in  a  fresh  state,  aud  they  have  beea 
added  to  the  list  of  tlic  insect-catvhing  plants  of  the  order. 

a04.   PingnicDla  is  so  called  from  the  greasy  appearance  pr^ 
Bcnted  by  the  upper  surface  of  its  leaf,  due  to  the  existence  of   I 
groat  nuQibeis  of  disc-like  glandular  hairs  with  short  stalks. 
The  glandular  character  of  the  hiurs  is  shown  by  the  sccretioD 
which  exudes  from  them  even  when  they  are  not  irritated. 

905.  The  secretion  which  flows  when  the  leaves  of  Pinguiculs 
are  not  excited  by  the  presence  of  albuminous  matter  is  ueutral ; 
but  upon  excitation  of  the  leaf  it  l)ocoroes  acid,  far  more  copious 
in  amount,  and  has  the  power  of  digesting  niti'ogcnous  organic 
substances.  At  that  time  the  clear  contents  of  the  cells  of  the 
glands  also  become  aggregated,  much  as  in  the  case  of  the  cells 
in  Drosera :  and  this  fact  is  adduced  by  Darwin  as  proof  that  the 
digested  mutters  are  absorbed. 

90G.  In  about  tliree  hours  alter  an  insect 
aliglit^  iiiwn  a  leaf  of  Piuguicida  the  margin 
begius  to  roll  over  it  and  envelop  it,  in  the 
manner  shown  by  the  accompanying  figure. 
The  following  experiment  by  Darwiu  shows 
what  takes  place  in  this  incurving:  "A  young 
and  almost  upright  leaf  was  selected  with  its 
two  lateral  edges  equally  and  very  slightly  in- 
curved. A  row  of  small  flics  was  placed  along 
one  margin.  When  looked  nt  next  day.  after 
flfYeen  hours,  this  margin  but  not  the  other  was 
found  folded  inwards,  like  the  helix  of  tLe  human 
ear,  to  the  breadth  of  one  tenth-  of  an  inch,  so 
as  to  lie  partly  over  the  row  of  flies.  The 
glands  on  which  the  flies  rested,  as  well  as  those  c 
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lapping  margin  which  had  been  brought  into  contact  with  the 
flies,  were  all  secreting  copiously."  ^ 

The  incurvation  lasts  for  only  a  day  or  two,  after  which  the 
leaf  assumes  its  former  position :  fragments  of  glass  keep  the  mar- 
gins incurved  for  a  shorter  time  than  do  nitrogenous  bodies.' 

907.  Darwin  suggests  the  two  following  advantages  which 
the  plant  can  derive  from  even  this  transient  inrolling:  (1) 
the  captured  food  and  the  secretion  arc  protected  fVom  rain, 
and  (2)  the  food  is  brought  into  contact  with  a  larger  number 
of  glands  than  if  the  leaf  remained  flat. 

908.  It  appears  probable  that  the  leaves  of  Pinguicula  derive 
some  nourishment  from  the  seeds,  etc.,  which  may  fall  upon  them. 
"We  may  therefore  conclude  that  Pinguicula  vulgaris,  with  its 
small  ix)ots,  is  not  only  supported  to  a  large  extent  by  the  extraor- 
dinar}'  number  of  insects  which  it  habitually  captures,  but  like- 
wise draws  some  nourishment  from  the  {)ollen,  leaves,  and  seeds 
of  other  plants  which  often  adhere  to  its  leaves.  It  is  therefore 
partly  a  vegetable  as  well  as  an  animal  feeder."  • 

909.  UtricuUrla^  a  genus  named  from  the  utriculi  or  little 
bladders  found  on  the  dissected  leaves  of  some  of  its  species, 
belongs  to  the  same  natural  order  as  Pinguicula.  Its  members 
capture  minute  aquatic  animals  by  means  of  peculiar  traps. 
Each  bladder  has  at  its  mouth  a  few  diverging  hairs,  while  just 
within  the  orifice  there  is  a  sort  of  trap-door,  which  can  be  lifted 
by  a  slight  touch  and  then  falls  by  its  own  weight,  covering  the 
mouth  and  preventing  egress.  If  a  small  aquatic  animal  passes 
through  the  entrance  and  pushes  by  the  funnel-shaped  trap-door, 
it  is  securely  imprisoned.  The  interior  of  the  bladders  is  lined 
more  or  less  thickly  with  peculiar  glandular  hairs  not  very  unlike 
those  intermingled  with  the  glands  of  Drosera,  and  found  also  on 
the  valves  of  Diona^a.     These  are  either  bifid  or  quadrifid. 

910.  According  to  Darwin  these  hairs  have  the  power  of  ab- 
sorbing dissolved  matters  in  a  state  of  decay,  but  there  is  in 
them  no  true  digestive  capacit}'.  If  the  plants  can  utilize  ani- 
mal matter  at  all,  it  is  only  after  it  has  become  dissolved  during 
the  process  of  decay. 

911.  Genlisea.  The  plants  belonging  to  the  genus  Genlisea 
—  a  genus  allied  to  Utrieularia  —  have  two  kinds  of  leaves,  ordi- 
nary and  bladder-bearing,  and  the  bladders  have  something  of 
the  same  arrangement  at  the  orifice  as  has  alread}*  been  alluded 
to  under  Utrieularia. 

^  Insectivorous  Plants,  p.  371.  '  Insectivorous  Plants,  p.  390. 

2  Insectivorous  Plants,  p.  377. 
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912.  Sarraccnla.  All  of  tho  ciglil  species  of  tliis  genus  have 
hollowed  pbjUoUia,  wbU'b  form  slciidei'  pitchers  or  unis.  lu  the 
best-known  spetiea,  S.  purpurea,  the 
urn  is  generally  so  held  that  mill  can 
fall  directly  into  it ;  in  fact,  the  upright 
foliar  expansion  would  seem  to  iusure 
that  none  be  lost,  lu  S.  flava,  Druui- 
monilii,  and  rubra,  the  pitchers  are 
more  nearly  vertical,  and  the  lid  at  the 
mouth  of  the  tube  so  disposed  when 
the  leaf  is  young  as  to 
sbLii  for  the  most  part 
r.iin  that  falls  thereon; 
lint  in  the  older  leaves 
ilic  lid  becomes  some- 
» Imt  erect.  Even  in 
t  lie  latter  position  a  por- 
I)  of  the  rain  that  falls 
u|Hin  the  leaves  is  c: 
ricd  off.      In   the  re-  '" 

nciiiiing  species,  S.  variolaris  and  psittadna,  the 
liii  is  a  roof  which  keeps 
the  rain  from  entering  the 
tube.  In  all  the  cases  there 
is  usually  considerable  water 
in  the  pitchers ;  in  the  last 
two  species  it  probably  all 
comes  fix^m  within  as  a  se- 
cretion. 

U13.  Sarraccnia  variolaris 
has  been  long  known  to  at- 
tract insects  to  the  leaves. 
Passing  over  the  earlier  no- 
tice's refeiTed  to  in  the  Bib- 
liography, page  351,  the 
following  quotation  from 
MacBride.'  written  in  1815,  will  indicate  sufficiently  the  char- 
actor  of  the  attraction  :  — 


IS  of  tlie  Luiimnn  Sociely,  lii.,  1918,  p.  t». 
Fin.  1S8.    Pltcba>-leBT»  of  Sairacenla  purporm;  oiu  of  ttism  villi  (he  niii«r  |uirt 


Fiu.  too.    Filcbai  oT  SodBcanla  palltiKliia. 
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^*  The  cause  which  attracts  flies  is  evidently  a  viscid  sabstance, 
resembling  honey,  secreted  by  or  exuding  fix)m  the  internal  sur- 
face of  the  tube.  From  the  margin  where  it  commences,  it  does 
not  extend  lower  than  one  fourth  of  an  inch.  The  falling  of  the 
insect  as  soon  as  it  enters  the  tube  is  wholly  attributable  to  the 
downward  or  inverted  position  of  the  hairs  of  the  internal  surface 
of  the  leaf.  At  tne  bottom  of  the  tube,  split  open,  the  hairs  are 
plainly  discernible,  pointing  downwards ;  as  the  eye  ranges  up- 
ward they  gradually  become  shorter  and  attenuated,  till  at  or 
just  below  the  surface  covered  with  the  bait,  they  are  no  longer 
perceptible  to  the  naked  eye  nor  to  the  most  delicate  touch.  It 
is  here  that  the  fly  cannot  take  a  hold  sufficiently  strong  to  sup- 
port itself,  but  falls." 

914.  The  tissues  of  the  internal  surfaces  of  the  pitchers  have 
been  classified  by  Hooker  in  the  following  manner :  — 

"  (1)  An  attractive  surface^  occupying  the  inner  surface  of 
the  lid,  which  possesses  stomata,  and  (in  common  with  the 
mouth  of  the  pitcher)  with  minute  honey-secreting  glands ;  it 
is,  further,  often  more  highly  colored  than  any  other  part  of  tlie 
pitcher,  in  order  to  attract  insects  to  the  honey. 

"  (2)  A  conducting  surface^  which  is  opaque,  formed  of 
glassy  cells,  which  are  produced  into  dcflexed,  short,  conical 
processes.  These  processes,  overlapping  like  the  tiles  of  a 
house,  form  a  surface  down  which  an  insect  slips,  and  affords 
no  foothold  to  one  attempting  to  crawl  up  again. 

'*  (3)  A  glandular  surface  (seen  in  S.  purpurea),  which  occu- 
pies a  considerable  portion  of  the  cavity  of  the  pitcher  below  the 
conducting  surface.  It  is  formed  of  a  layer  of  epidermis  with 
sinuous  cells,  and  is  studded  with  glands.  Being  smooth  and 
polished,  this,  too,  affords  no  foothold  for  escaping  insects. 

'^  (4)  A  detoitive  surface^  which  occupies  the  lower  part  of  the 
pitcher,  in  some  cases  for  nearly  its  whole  length.  It  possesses 
no  cuticle,  and  is  studded  with  dcflexed,  rigid,  glass-like,  needle- 
formed  hairs,  which  further  converge  towards  the  axis  of  the 
diminishing  cavity  ;  so  that  an  insect,  if  once  amongst  them,  is 
effectually  detained,  and  its  struggles  have  no  other  result  than 
to  wedge  it  lower  and  more  firmly  in  the  pitcher." 

915.  Mellichamp  describes  a  line  of  saccharine  liquid  which 
leads  up  from  the  base  of  the  leaf  to  its  brim.  This  secretion 
comes  from  glands  at  the  mouth  of  the  pitcher ;  but  it  is  found 
only  at  certain  periods.  Led  b}'  this  lure,  insects  are  drawn 
towards  the  brim  of  the  pitcher,  and  sooner  or  later  they  are 
caught  in  considerable  numbers  in  the  pitchers  themselves. 


016.  Tlie  exact  nature  of  tUi'  liquid  in  the  jtitclicrs  is  not  fully 
understood.  Mellk'liuinp's  ubservatiuus  seem  to  indicate  that 
it  has  the  power  of  accelerating  the  decomposition  of  animal 
matter.  Nothing  is  jet  known  iwsitively  aa  to  the  manner  in 
which  the  products  of  decomposition  are  utilized  by  the  plant, 
if,  indeed,  they  arc  at  all  serviceable  to  it.' 
'J17.  Darllngtonia  has  been  esamined 
by  Canby.  who  finds  strong  indications 
that  it  allures  insects  much  as  the  Karra- 
ceniaa  do. 
918.  Nepeutbes,  This  striking  plant  boa 
long  been  a  favor- 
ite in  the  green- 
house ou  account 
of  its  peculiar 
leaves,  which  often  combine 
a  blade,  a  tendril,  and  a  well- 
formed  urn.  The  species  of 
Ne[>euthe8  (about  thirty  in 
number)  produce  pitchers  at 
the  extremity  of  their  tendril- 
likeleaves.  Wbontheplants 
are  young  these  pitchers  are 
less  elongated  and  are  apt  to 
rest  on  the  ground,  and  iu 
such  plants  their  whole  inte-  '°' 
rior  ia  clothed  with  secreting  glands. 
When  the  plant  is  older,  the  pitchers 
become  more  distinctly  tubular,  and  do 
not  possess  such  conspicuous  wings  as  those  found  in  the  form 
just  mentioned.     All  of  them  have  lids ;  in  one  case  the  lid  is 

'  It  is  intciTsting  to  obserre  Bomi>  of  the  early  conjectarea  u  to  tho  probable 
UK  or  thpse  pitchers.  "  MorriBou  simkii  ot  the  lid,  which  in  all  the  spKira  ia 
tolerBhlf  rigidly  fixed,  as  being  fuminbed  by  Providence  with  »  hingp.  Thia 
idea  *n«  adopted  by  Linnaus,  and  aomewhat  ampliGed  by  micceedJDg  wril^ni, 
who  declared  that  in  dry  weather  the  lid  closed  over  the  mouth  and  checked 
the  lose  of  wMer  by  evaporation.  Catesby,  in  bin  line  vork  on  the  'Natural 
Hirtoty  of  Carolina,'  »iippo«ed  that  these  water-reeeptnclea  might  "  serve  as  an 
aayjam  or  secure  retreat  for  nnmeroui  insecte,  from  frogs  and  other  animals 
wiurh  feed  on  them  ;'  and  othen  followed  Linncus  in  rtgardinf;  the  pitchen 
■1  reieTToin  for  birds  and  other  snimaU,  more  eepeeially  in  tines  of  drought " 
(Hooker's  Address  before  British  Association,  1S71).  Bnt  Burnett  regarded 
the  tubes  as  closely  snalogoiu  to  the  alomnehs  of  animals. 
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thrown  back,  but  in  the  others  its  overarching  is  a  oonspicaons 
feature.  The  mouth  of  the  pitcher  is  strengthened  by  a  thick 
rim,  near  which  are  very  numerous  glands  secreting  a  sweet 
liquid.  In  the  interior  of  the  pitcher  there  is  a  conductive  sur- 
face, somewhat  like  that  seen  in  Sarracenia.  This  extends  for 
some  distance  down  from  the  mouth,  and  is  frequently  crowned 
by  a  sort  of  funnel-like  appendage  of  the  rim.  Below  the  con- 
ductive surface  there  is  a  secreting  surface  dotted  with  inna- 
mcrable  glands.  According  to  Hooker,  from  whose  notice  many 
of  the  facts  here  given  are  taken,  there  are  three  thousand  of 
these  glands  in  a  square  inch. 

The  fluid  which  collects  in  the  pitchers  has  been  shown  by 
Gorup-Besanez  and  Will  to  be  neutral,  or  only  very  slightly  acid 
in  reaction,  unless  animal  matter  has  been  introduced.  If,  how- 
ever, an}'  animal  matter  has  been  placed  in  the  pitchers,  the 
glands  give  forth  an  acid  secretion,  which  contains  an  active 
ferment  that  resembles  pepsin  and  has  the  power  of  digesting 
albuminous  substances.  It  is  an  interesting  fact  that  the  neutral 
secretion,  although  it  has  not  the  power  of  digesting  albuminous 
matters,  becomes  efficient  at  once  upon  the  addition  of  a  small 
amount  of  acid  (formic).  During  digestion  the  glands  exhibit 
the  same  phenomena  of  aggregation  as  observed  in  Drosera. 

The  absorption  of  animal  matter  by  Nepenthes  has  been 
proved  by  the  Lithium  method. 

919.  By  the  viscid  or  glandular  hairs  of  a  large  number  of 
plants  insects  are  sometimes  caught,  but  to  what  extent  these 
hairs  serve  in  digestion  and  absorption  is  not  yet  clear.  From 
experiments  b}'  Darwin,  it  appears  that  in  some  cases  at  least 
they  may  aid  the  plant  in  absorbing  ammonia  compounds  found 
in  rain  and  in  the  atmosphere,  and  that  the  glands  may  also 
''obtain  animal  matter  from  the  insects  which  are  occasionally 
entangled  by  the  viscid  secretion."^  One  case  merits  particular 
attention  ;  namely,  that  of 

9:^0.  Dipsacosy  or  TeaseK  Francis  Darwin  has  called  atten- 
tion to  the  extraordinar}'  character  of  some  of  the  hairs  of  this 
plant.  The  following  abstract  gives  only  the  briefest  outline 
of  his  interesting  paper. 

The  glandular  hairs  are  multicellular  and  pear-shaped,  being 
supported  by  the  small  end  on  a  cylindrical  stalk,  which  rests  on 
an  epidermal  cell.     At  the  summit  of  the  gland  where  several  of 


1  Darwin  :  Insectivorous  Plants,  p.  355.     The  catchfly  (Silene)  should  be 
examined  with  reference  to  this  point. 
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the  rndiating  cells  meet,  threads  of  gelatinous  matl«r  can  be  seen 
to  protroHe  under  certain  circumstances.  No  apertures,  how- 
ever, can  be  seen  through  which  tho  filaments  come,  therefore 
it  is  thought  that  they  extend  directly  through  the  cell-nails. 
Ttiey  hare  been  shown  to  consist  of  protoplasmic  matter  with 
which  a  certain  amount  of  resinous  substance  is  combined,  and 
at  times  Ihey  contract  violently,  become  thicker,  and  at  last 
form  a  small  b.ill  on  tho  summit  of  the  gland.  Tlie  contraction 
cnn  be  producwl  by  many  chemical  and  physical  agents,  a.  y.,  ' 
ftinraonic  carbonate-  If  a  fibment  under  the  uiicrascopo  Is 
treated  with  b  drop  of  a  2  per  cent  solution  of  tho  carbonate,  the 
following  changes  occur:  The  filament  contracts,  but  almost 
instantly  recovers  itself,  and  is  once  more  protruded;  it  does 
not,  huwover,  regain  its  original  form  or  appcoranoo ;  inst«ad  of 
consisting  of  tbin  elongateil  ropes  of  a  higlily  refracting  sub- 
stance, it  is  converted  into  necklacc-like  mosses  which  strongly 
rosemble  the  aggregations  foimd  in  the  true  insectivorous  plants. 

Beat  has  described  somewhat  similar  baira  on  some  thistles. 

It  is  not  the  province  of  this  voliimc  to  discuss  the  singular 
rotattonships  which  are  prcsente<i  by  these  groups  of  inscc-  ' 
tivororis  plants.  Attention  must  be  directed,  however,  to  the  fact 
that  Dioniea  and  Drosera,  with  their  widely  different  mechan- 
isms Tut  the  capture  of  insects,  belong  to  llie  same  natural  family  ; 
and  that  Pinguieula  and  Utricularia,  with  methods  equally  di-  J 
verse,  are  very  nearly  allied  plants.  Such  facts  can  be  explained 
!n  part  by  the  theory  presented  in  Volume  I.  page  328,  —  the 
*'  Theory  of  Descent." ' 

>  Tha  followiog  list  will  introduos  the  gtudpnt  to  nnmn  of  ilii'  (irinripal 
worki  npan  inaectirarDaa  pUnU.     A«  the  list  U  chronologically  srnuig«l,  it  mtj    { 
wrv*  M  ■  bnef  biitoij  of  the  nibJMt. 

1788.    John  Ellis :  '■  De  Dionica  ranadpnU."    A  teller  fo  Sir  Charln  Un- 
tusDs  deaciiptlTfl  of  tha  method  by  whieh  this  Hy-trap  raptum  initcts. 

178S-  Roth  :  "  Voa  tier  Reizbarkeit  dea  sogenatinten  Sonne ntbiiues.  Drown 
rfttundifoIiB  und  loDKifotin  "  (Beitraec  lor  BotAnil^  Bremen,  Th.  I.  no.  ir.  pp. 
flO-7«).  An  wcount  of  obscrmtinna  bepin  in  17T9  on  the  irrilibilitr  of  tha 
glin<U  of  tnn-dvn  Iwre*.  abowinR  that  tbe>-  mpoud  to  contact  with  in-  I 
uot^  but  not  to  ■  pin  or  Wt  of  dntw.  Roth  Bii|{grata  th»l  the  plant  may 
possibly  rfceive  loiue  nonrishment  from  the  insrala.  (In  Danrin's  Botanle 
Garden,  1780,  p.  24,  it  is  atoted  that  Whalrljr  hail  nude  in  England  obaerr*- 
tiotui  aimilar  In  ibone  of  Koth.) 

171*1.     Bartrani :  "TravaU  thningh  North  and  Sonth  Caroltna,  etc."    ThM    i 
book  contains  ■  short  sketch  of  the  optnn^  of  insecta  by  Snrrapeniii. 

181S.     Macbride :   "  On  the  pover  of  Snrraeenia  adunca  to  entrap  inaaeta" 
(Tnnaacliona  of  the  Umuean  Society,  xii.,  181B,  43-53).  | 

1S29.     Burnett,  in  the  Qiuirtctl;  Journal  of  Science,  Literature,  uid  Art^ 
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921.  Eplphjftesy  or  air-plants,  obtain  their  food-materials  wholl}* 
without  contact  with  the  soil.    It  is  supposed  that  the  ash  materials 

IL  290,  also  gives  an  account  of  Sarracenia,  together  with  a  description  of  its 
digestive  powers,  and  compares  its  hollow  leaf  to  an  animal  stomach. 

1834.  Curtk,  in  the  Journal  of  the  Boston  Society  of  Natural  History,  i., 
pp.  123-125,  gives  a  description  of  the  irritability  of  Dionsea,  and  of  its  mode  of 
action. 

1848.  Benjamin :  "  Ueber  den  Bau  und  die  Physiologie  der  Utricolarien  " 
(Botanische  Zeitung,  vi.,  pp.  1,  17,  et  seq.). 

1850.     Cohn  :  "Ueber  Aldrovanda  vesiculosa"  (Flora,  p.  678). 

1855.  Greenland  :  "  Note  sur  les  organes  glanduleux  des  Droseia"  (Ann. 
des  Sc.  nat  bot.,  s^r.  4,  tome  iii.  p.  297). 

1855.  Tr^cul :  "  Organization  des  glandes  pedicell^es  de  la  feoille  da 
Drosera  rotundifolia "  (Ann.  des.  Sc.  nat.  hot,  s^r.  4,  tome  iii.  p.  808). 

1859.  Caspary :  "Aldrovanda  vesiculosa"  (Botanische  Zeitung,  xvlL 
p.  125). 

1860.  Nitschkein  Botanische  Zeitung,  xviii.  p.  57,  and  ziz.,  1861,  p.  145, 
gives  an  excellent  description  of  Drosera,  and  an  account  of  simple  but  telling 
experiments  upon  the  sensitiveness  of  the  leaves. 

1860.  Darwin  began  his  experiments  upon  Drosera,  not  published  until 
much  later. 

1862.  Botanische  Zeitung  of  this  year  (p.  185)  contains  a  second  article  on 
the  subject  of  Aldrovanda  by  Caspary. 

1868.  Scott :  "On  the  Propagation  and  Irritability  of  Drosera"  (Garden- 
ers* Chronicle,  p.  80). 

1868.  Cnnby  published  an  account  of  experiments  on  feeding  Dionsea,  in 
the  Gardener's  Monthly,  p.  229. 

1872.  Ziegler :  "Sur  un  fait  physiologique  observe  sur  des  feuilles  de 
Drosera"  (Comptes  Rcnilus,  Ixxiv.  p.  1227). 

1873.  Treat:  "  Observations  on  the  Sun-dew"  (American  Naturalist,  vii. 
p.  705).  In  this  paper  Mrs.  Treat  describes  experiments  relative  to  feeding 
Drosera  carried  on  in  1871. 

1873.  A.  W.  Bennett:  "On  the  movements  of  the  glands  of  Drosera" 
(British  Association  Rej>orts,  xliii.  p.  123). 

1873.  Stein  :  "  Ueber  die  Reizlwirkeit  der  Blatter  von  Aldrovanda"  (Ver- 
handlungen  des  bot.  Vennns  fiir  die  Prov.  Brandenburg). 

1874.  Burden  Sanderson  :   "  Venus's  Fly-Trap"  (Nature,  x.  p.  105). 
1874.     Asa  Gray  :  "Insectivorous  Plants"  (Nation,  xviii.  pp.  216,  232). 

An  account  of  the  observations  communicated  by  Darwin,  and  a  short  resum6 
of  tlie  subject  up  to  that  date. 

1874.  Mellichamp  :  "  Researches  on  the  pitchers  of  Sarracenia  variolaria, 
and  the  way  in  whii^h  insects  are  caught  in  them"  (Nature,  x.  p.  253). 

1874.  Hooker :  Address  before  the  British  Association  for  the  Advance- 
ment of  Science,  published  in  full  in  the  Report  for  1874.  This  address  gives 
an  excellent  account  of  the  digestive  powers  of  various  caniivorous  plants, 
especially  Nepenthes. 

1875.  J.  W.  Clark:  "On  the  absorption  of  nutrient  material  by  the 
leaves  of  some  insectivorous  plants."  This  article  gives  the  results  of  experi- 
ments on  the  absorptive  capacity  of  Drosera  and  Pinguicula,  conducted  with 
the  aid  of  the  spectroscope. 
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wLicIi  Ihey  incorporate  come  to  them  in  the  form  of  dust,  wbicli 
subsequently  diaaolvca  and  is  absorbed.  The  sources  of  their 
carbon  and  nitrogen  have  already  been  sufflciently  explained. 


1876,  Darwin  :  '•  luieotivoroos  PUuls."  A  work  of  462  pages,  more  than 
half  of  which  is  devoteit  to  Droscnu  At  the  close  of  his  exhaustiru  disuussion 
of  his  eiperimenla  upon  this  plant,  Mr.  Darwin  aays  :  "  I  ImTo  tiovr  givsn  a 
brief  recspitulation  of  tho  chief  points  obwrved  by  me  with  respect  to  iha 
etructbri,  moTemcDta,  L-onatitution,  and  lutbita  of  Drosera  rotundifulia  ;  and  irs 
■«  how  little  hai  houn  uiaile  out  in  comporiaoD  with  wliat  ruiuaius  uuuipluned 
and  unkuDwn." 

1S7S.  KvesB  and  Will  :  "  Eiiiige  Bemerkungen  iibcr  fleischeaacnda  PlUn- 
len  "  (Botaniiche  Zcltuug,  l>,  713). 

1875.  Can  by  :  "  Darlingtooia  Califoraica  "  (Proceedings  American  Abso- 
cUtion.  p.  fil). 

I8"5.  Cohn  :  "  Ueber  die  Function  der  Blaaeu  von  Aldrovsnds  nnd 
Dtrioularia"  (Beithigezur  Biologie  der  Pnanien). 

1875-S.  Jlorren  published  in  tho  Bulletin  of  llie  Rojul  Academy  of  Bel- 
gium the  results  of  experinienta  vhich  may  be  interpreted  aa  showing  that 
the  plantii  deriTS  no  benefit  from  their  initects. 

I8T5-6.  Gonip-Besanez  and  Will  pulilisbod  soiuo  obeerriitions  regarding 
a  pvpton-formiag  fenaent  in  plants,  in  Siuungsberichte  der  phyiikaliach- 
medicinischra  SooielSt  Itt  Eriangtn. 

1870,  FraoDJa  Dnnrin  :  "Theprocua  of  aggregation  in  tho  tentacles  of 
Drowra  rotundifolia "  (Quurtjirly  Journal  of  Hicroai:opicat  Science,  xvi. 
p,  300). 

1876.  Sydney  H.  Vines:  "On  the  digestive  ferment  of  Ncpenthaa" 
(Jounial  of  Anatomy  and  FhyHiology,  xi,  pi.  121). 

187fl.  Fairre  :  "Recherches  ear  la  structure,  le  moile  de  formation,  et 
quelquea  points  relatifs  aux  foiictiona  dea  nrnes  chei  le  Kepcnthes"  (Comptea 
Kendus,  Ixxiiii.  p.  11S5). 

1S7S,  Munk  :  "  Die  elektriacben  and  Bewegungsercheinungen  am  Biattat 
der  Dioiuen  musdpuU," 

1877.  Cramer :  "  Ueber  die  insectenfrBsseaden  Pflanien." 
1877.     Aschman  ;  "  Lvs  plantea  inscctiTores,"  Luxemburg. 

1S77.  Ffefler  :  "  Ueber  fleinelifresaende  Pilim7cn  and  iiber  die  Emalirang 
durch  Aafnahme  organischer  Stofle  uberliaapt"  ( [^andwirtluck.  Jalirb.  v. 
Natliusius,  p.  969).  An  excellent  accuout  o(  the  mecbonuita  and  absurptivo 
properties  of  camirornua  plants. 

ISTO.  Druile  :  "  Die  insektenfressenden  Pflanzen."  A  full  and  intoreating 
cxomitiation  of  ihc  subject  in  Scbenic's  Handbuch  der  Botanik. 

Several  jeiM  ifvpril  have  been  published,  in  which  the  remarkable  proper- 
ties of  a  few  bumble  plants  have  been  exaggerated  into  account*  ot  man- 
cutching  and  man-eating  trees  of   large  eize. 


CHAPTER  XI. 

CHANGES  OF  ORGANIC  MATTER  IN  THE  PLANT. 

922.  It  has  now  been  shown  that  under  the  influenoe  of  sun- 
light green  plants  prodace  organic  matter  oat  of  inorganic 
materials.  This  organic  matter  is  conveyed  to  points  where  it 
is  to  be  used,  or  to  temporary  reservoirs  where  it  is  stored  for 
fhture  use.  It  undergoes  manifold  changes  in  the  plant,  until 
in  the  ordinar}'  course  of  nature  it  is  resolved  at  last  into  the 
very  materials  from  which  it  originally  came ;  namely,  carbonic 
acid  and  water. 

923.  But  as  the  organic  matter  of  the  plant  represents  in  its 
construction  a  definite  amount  of  energy  of  motion  derived  ftom 
solar  radiance  transformed  into  the  energy  of  position,  in  its 
apparent  destruction  is  involved  the  reconversion  of  this  energy 
of  position  into  energy  of  motion.  Between  the  first  and  last 
terms  of  these  constructive  and  destructive  processes  very  differ- 
eut  periods  of  time  may  elapse  in  different  cases,  according  to 
the  changes  which  the  organic  matter  undergoes. 

924.  That  portion  of  the  organic  matter  which  is  built  into 
the  fabric  of  the  plant  in  the  form  of  celhilose  more  or  less  modi- 
fied is  not  often  broken  down  into  its  original  components  while 
the  organism  is  living ;  but,  by  decay  and  b}'  combustion,  even 
this  relativel}'  permanent  substance  is  decomposed,  and  its  ele- 
ments are  finall}'  given  back  to  the  air  and  soil.  A  certain  por- 
tion of  the  organic  matter,  however,  undergoes  speedy  and 
striking  changes,  and  all  of  these  are  now  to  be  examined 
from  another  point  of  view. 

TRANSMUTATION,   OR  METASTASIS. 

925.  The  physiological  expression  for  the  substance  formed 
b}^  chlorophyll  in  the  sunlight  is  food.  This  substance  is  util- 
ized by  the  organism  in  many  ways  ;  but  of  these  only  the  fol- 
lowing need  now  be  noticed:  (1)  for  the  supply  of  energy  for 
movements  and  other  work ;  (2)  for  the  repair  of  waste  ;  (3)  for 
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the  construction  of  now  parts.  Tlie  changes  hy  wbicli  these 
processes  are  performed  lakif.  pl&ce  in  the  proloplasm  which 
receives  and  in  some  way  disposes  uf  the  newly  formed  food. 

926.  Snpplf  of  energj  for  irork.  This  is  furnished  hy  the 
process  of  oxidation.  It  will  be  remembered  that  the  inorganic 
mat«riala  concerned  in  the  pro^luction  of  the  food  of  the  plant, 
namely,  carbonic  acid  and  water,  are  highly  oxidized  compounds, 
liy  assimilation  a  part  of  the  oxjgen  is  liberated,  and  the  or- 
ganic matter  formed  is  some  carbohydrate  capable  of  oxidation. 
The  reception  of  oxygen,  the  oxidation  of  the  oxidizablc  matter, 
and  the  release  of  the  products  of  oxidation  by  the  plant  are 
collectively  termed  respiration. 

927.  B«pKir  of  WMt«.  The  living  matter  of  plants,  Uke  the 
living  matter  of  animals,  being  the  seat  of  ail  the  activities 
manifested  by  Che  organism,  ia  constantly  undergoing  waste 
and  demanding  repair.  The  repair  of  waste  is  proiier  nulri- 
lion. 

9iS.  The  constraetlDn  of  new  parte.  It  has  been  shown  (Chap- 
ter X. )  that  by  the  appropriation  of  nitrogen  by  the  plant  proteids 
are  formed,  and  these  are  in  great  pari  utilized  in  the  produc- 
tion of  new  protoplasmic  matter.  So  far  as  the  latter  is  an 
actual  increase  in  substance,  and  not  a  mere  repair  of  waste, 
it  represents  true  groteth.  The  growth  of  any  root,  stem,  or 
leaf  cousists  in  the  formation  of  new  cells  and  the  increase 
of  these  in  size.  In  this  process  the  production  of  new  cell- 
wall  is  of  course  the  most  conspicuous  pheuomeuon.  The  per- 
manent increase  in  size  of  the  cell-walls  of  a  i)larit  disposes  of  a 
large  part  of  the  organic  matter  which  is  prepared  by  assimila- 
tion, and  this  phase  of  growth  is  apt  to  divert  attention  from 
that  which  really  underlies  it ;  namely,  growth  of  the  protoplasm 
Itself. 

92a.  For  convenience,  the  various  chemical  changes  which 
go  on  within  the  plant  may  be  divided  into  two  groups  ;  namely, 
troiumatatlon  and  complete  oxidation.  In  (be  former,  the  or^ 
ganiu  matter  changes  its  properties  in  some  wav,  cither  by 
the  addition  of  new  materials  or  hy  the  reconatnictioD  of  il« 
existing  molecules,  but.  notwithstanding  the  change,  still  re- 
mains organic  matter ;  while  in  the  latter  it  is  resolveti  into  its 
original  inorganic  com|>oueDts.  The  change  of  one  kind  of  food 
into  another,  the  transformation  of  starch  into  cellulose,  and  the 
formation  of  proteids.  are  goo<l  examples  of  Iran  am  u  tat  ion  :  the 
consumption  of  food  for  the  release  of  energy,  an  example  of 
complete  oxidation.    The  first  of  these  groups  of  changes  cor- 
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responds  nearly  to  what  has  been  called  metaatctsis^^  the  second 
to  respiration.  But  it  must  be  remembered  that  the  distinction 
between  the  two  groups  is  not  absolute. 

930.  The  contrast  between  assimilation  and  respiratl<Hi  is  very 
marked:  one  is  substantially  the  opposite  of  the  other.  The 
following  tabular  view  displays  the  essential  differences  between 
them. 

AnlmllAtion  propor  Raipiratioii 

Takes  place  only  in  cells  containing  Takes  place  in  all  active  cells. 

chlorophylL 

Requires  light.  Can  proceed  in  darkness. 

Carbonic  acid  absorbedyoxygen  set  free.  Oxygen  absorbed ,  carbonic  acid  set  free. 

Carbohydrates  formed.  Carbohydrates  consumed. 

Energy  of  motion  becomes  energy  of  Energy  of  position  becomes  energy  of 

position.  motion. 

The  plant  gains  in  dry-weight.  The  plant  loses  dry-weight. 

Some  of  the  changes  which  are  grouped  under  transmutation, 
or  metastasis,  present  almost  as  great  a  contrast  to  assimilation 
proper  as  that  shown  in  the  above  table. 

931.  Course  of  transfer  of  assimilated  matters.  In  the  present 
state  of  knowledge  it  is  impossible  to  trace  all  the  chemical 
changes  which  assimilated  matters  undergo  in  the  plant,  or  even 
the  course  which  such  matters  take ;  onl}-  a  few  of  the  more  ob- 
vious modifications  have  been  investigated.  Before  proceeding 
to  describe  the  important  forms  of  organic  substance  in  the 
plant,  the  following  general  considerations  should  be  presented. 

The  carbohydrates  are  believed  to  be  transferred  from  one 
part  to  another,  in  the  higher  plants,  through  the  thin-walled 
parenchyma.  The  reaction  of  these  cells  is  almost  uniformly 
acid.  The  transfer  takes  place  only  when  the  carbohydrates 
are  in  solution. 

The  albuminoids  are  probably  carried  chiefly  by  means  of 
the  soft  bast  of  the  fibro-vascular  bundles  ;  the  cells  of  this  bast 
have  a  slightly  alkaline  reaction. 

But  that  these  are  not  the  only  paths  of  transfer,  appears  from 
the  frequent  occurrence  of  minute  starch-grains  in  the  sieve- 
cells,  and,  on  the  other  hand,  of  dissolved  albuminoids  in  paren- 
chyma cells. 


1  The  German  word  Stoffwechsel  is  usually  translated  metastasis,  —  a  word 
long  known  in  medicine  with  a  totally  different  signification  from  that  above. 
Schwann's  term,  mctubolisniy  much  used  in  human  ])h5-siology,  expresses  its 
idea  better,  but  for  some  reasons  the  term  transmxUation  appears  preferable. 
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The  direction  of  transfer  of  the  alioTe  com  pounds  is  towards 
the  point  of  use,  or  of  storing ;  tber«  is  nevor  any  approacli  to  a 
true  circulation  tlirougiiout  tlie  plant,  corresponding,  as  was  for- 
merly taught,  to  ttic  (.-ircnlation  in  animals. 

9:12.  Clii8sIB«!atfon  of  the  principal  or^nlo  prodnctB,  For  the 
present  pnrposc  these  may  be  conveniently  grouped  into  (1) 
those  whiek  are  free  fVom  nitrogen,  and  {'2)  those  which  con- 
toin  nitrogen.  Some  have  been  already  treated  of  in  earlier 
pages  of  this  Tolnme ;  of  the  rest,  litUe  more  than  a  mere 
ennmeration  can  here  be  given. 

933.  Prodacls  ftee  flrom  nltro^n.  I.  CmriiolifdrateB,  In  general 
these  are  solid  IxkHcs  many  of  which  are  soluble  in  water.  They 
are  eonrenieutly  divided  into  Ihu  cellulose  group,  having  the 
empirical  formula,  CuU,„Oj,  and  the  sugars,  — grape-sugar,  fruit- 
sugar,  and  cane-sugar. 

The  cell  close  group  comprises  the  following  isomeric 
bodies:  — 

934.  CeRidoie.  This  substance  (see  page  31)  is  regarded  as  a 
product  of  the  direct  transformation  of  ularch  or  its  equivalent. 
When  once  separated  ftum  the  protoplasm  as  cell-wall,  cellulose 
is  not  again  dissolved  save  in  the  exceptional  cases  of  germi- 
nation where  it  serves  as  a  food.  Saclis  has  showu  that  In 
the  germination  of  the  date,  the  pitted  thickening  masses  of  the 
cell-walls  of  the  endosperm  are  dissolved  and  utilized  by  the 
embryo. 

935.  Starch  (see  pages  47-.M).  The  occurrence  of  this  sub- 
stance in  the  chlorophjil  granules  under  certain  conditions  has 
already  been  described.  Its  occurrence  in  reservoirs  of  food, 
and  the  relation  of  this  to  the  starch-generators,  have  been  dis- 
cussed in  174. 

The  following  table  gives  some  idea  of  the  amount  of  starch 
found  in  the  ordinary  commercial  sources:  — 


Grains  of  wheat 61      percrnt. 

Orvn*  of  com S5        ••      •• 

GnioBoTriM 7fi       "     ■■ 

Potato  tulvra 15-29"      " 

When  starch  is  to  be  transferred  from  the  places  where  it  is 
held  in  reserve  to  the  points  where  it  is  to  bo  consumed,  it  is 
conv-erted  into  a  form  of  sugar  by  some  one  or  more  of  the 
unorganized  ferments  occurring  is  plants.  Although  the  sugar 
tluis  formed  passes  at  0OG«  ii  it  is  a  curious  fact 
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that  at  certain  points  during  its  course  this  solution  may  tran- 
siently exhibit  more  or  less  fine-grained  starch.  The  tendency 
of  starch  to  form  in  this  way  is  very  remarkable  in  the  process 
of  germination. 

936.  Intdin.  This  substance  is  dissolved  in  cell-sap  (see  188), 
but  is  easily  separated  from  it  upon  immersion  of  the  plant  sec- 
tions in  alcohol.  It  replaces  starch  in  the  roots  and  root-like 
stems  of  many  perennials  belonging  to  the  following  orders,  — 
Liguliflorse  (Compositae),  Campanulaceae,  and  Lobeliacese. 

937.  lAchenin  is  abundant  in  certain  lichens,  amounting  in 
Cetraria  Islandica  to  more  than  40  per  cent. 

938.  Dextrin,  Under  this  name  are  comprised  at  least  two 
substances^  which  are  produced  during  the  transformation  of 
starch  into  sugar.  Dextrin  occurs  in  the  young  sprouts  of 
potato,  in  most  bulbs  as  they  are  starting,  and  in  the  spring  sap 
of  many  trees. 

939.  The  Oums,  These  are  amorphous  substances  which 
either  dissolve  in  water  or  merely  swell  in  it  to  form  soft  masses 
or  thick  viscous  liquids.     An  example  is 

Arabin  ('iC^HjoO^-l-HjO),  the  chief  constituent  of  Gum  Arabic, 
obtained  from  a  species  of  Acacia.  It  is  found  associated  with 
arabic  acid,  which  is  supposed  to  be  combined  with  calcium.  It 
occurs  in  cherry-tree  gum,  and  to  a  slight  amount  in  the  gum  of 
many  other  plants. 

Of  those  gums  which  do  not  truly  dissolve,  must  be  mentioned 
Cerasin,  al)ounding  in  cherry-tree  gum;  Bassorin,  or  the  essen- 
tial constituent  of  gura-tragacanth  ;  and  Vegetable  Mucus,  which 
occurs  in  the  seed-coats  of  flax,  the  pseudo-bulbs  of  many  or- 
chids, and  the  leaves  of  some  mallows. 

940.  The  Pectin  J^odies.  According  to  Fremj'  these  are 
derivatives  from  pectose,  a  neutral  insoluble  substance  found 
in  unripe  fruits  and  in  some  fleshy  roots.  Pectose  undergoes 
various  changes  not  yet  understood.  Vegetable  jelly,  obtained 
by  boiling  subacid  fruits,  is  a  familiar  example  of  one  of  the 
products  of  such  changes. 

941.  TuE  SUGAR  GROUP.  Thc  more  common  members  of  this 
group  are  grape-sugar,  fruit-sugar,  and  cane-sugar.  The  em- 
pirical formulas  of  these  substances  have  simple  relations,  ex- 
hibited in  the  following  table,  in  which  they  are  compared  with 
that  of  starch  :  — 


1  For  an  account  of  the  allied  substances,  amylodextrin  and  achroodextrin, 
see  W.  Nageli,  Beitrage  zur  naheren  Kenntniss  der  Starkegruppe,  1874. 
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Starch, 


Cane-sugar,  ^li^aO 

Giape-Bugar  aod  fruit-sugar,      CgUi^O, 
Thas, 

2C,H,„0,  +  H,0  =  C„H„0„ 
SUnJl.  Wat«r.         Cane-sugitr. 

C„H„0„  +  11,0  =  C,H„0,  4-  C,H„0, 

Cane-sugur.      Wiitcr.      Gmjie-sugiir.      Fniit-siigar. 

Tbe  three  following  classes  of  sugars,  based  upon  their  rela- 
tions to  feruieutatioii.  Lave  been  made;  (1)  directly  fermenta- 
ble, (2)  indirectly  ferniGntable,  (3)  no n- fermentable  sugars.  To 
tbe  tbird  close  belong  Arabinose,  Sorbit,  etc.,  ivbich  need  no 
further  notice  here. 

The  directly  fermentable  sugars  are  grape-sugar,  fi-uit-sugar, 
and  inverted  sugar. 

Il42.  Grujiesuffar,  olberwiso  termed  glucose  (or,  on  account 
of  its  turning  the  plane  of  ix>larization  to  the  riglit,  dextrose),  is, 
as  its  name  iudicatca,  abundant  in  the  grape,  where  it  may  form 
ttota  10  to  30  per  cent  of  tlic  juice.  Figs  contain,  on  an  aver- 
age, 12  per  cent:  sweet  cherries,  9  to  10  percent;  apples  and 
pears,  7  to  10  per  cent;  plums,  3  to  5  per  cent;  and  peaches 
less  than  2  per  cent  of  tliis  sugar. 

943.  Fniil'mgnr,  sometimes  known  as  loiTulose.  is  uncrys- 
tallizablo.     It  is  associated  in  most  riiM;  IVuits  with  dextrose. 

94-t.  Inverted  auffar  occurs  in  some  ripe  fruits,  where,  as 
Buigiict  has  shown,  it  is  formed  tVom  cane-sugar  by  the  action 
of  a  ferment  and  not  of  a  fruit-acid.  It  is  also  found  In  the 
so-called  honey-dew  of  tbe  leaves  of  tbe  Linden,' 

945.  The  indirectly  fermentable  sugars,  of  which  common 
cane-sugar  may  be  token  as  tlie  best  example,  ferment  under  the 
influence  of  yeast  only  when  they  have  first  undergone  a  change 
by  which  they  are  converted  into  other  sugars. 

946.  Cane-sugar  occurs  in  the  cell-sap  of  many  plants,  often 
in  largo  amount.  The  following  percentages  are  regarded  as 
average  ones :  — 


>  According  lo  BoUKsiugault,  120  iquare  metres  oF  hoden  Ufnn  ]ricld  in 
>  Hin^e  wntni  July  day  b«tir«en  two  and  three  kilogtama  at  haney.dew.  Aa 
to  whether  thU  aubatuice  ii  a  product  of  ui  insect,  or  an  exudation  from  leaTci 
nnder  pecnUsr  couditioua,  Uoot  yetaetttd  (Ebenuayer  :  Cbemia  der  Pdanieo, 
1882,  p.  2ii). 


860      CHANGES  OF  OBOANIC  MATT£B  IK  THB  PliAHT. 

Sugar-cane  stem 16-18  per  cent. 

Sugar-beet 10-14        " 

Sorghum 10-11        " 

Indian  com 6-7        " 

Sugar  maple 8        " 

947.  Prodacts  free  from  nitrogen.    11.  Tegetable  adds.    Of 

these  the  most  widely  distributed  are  oxalic,  tartaric,  citric,  and 
malic  acids. 

948.  Oxalic  acid  (Cfifi^)  occurs  in  almost  every  plant,  the 
amount  in  some  reaching  as  high  as  4  per  cent.  Most  of  it  is 
combined  with  calcium  or  with  potassium,  a  part  remaining  an- 
combined.  According  to  MUller,^  the  fresh  leaves  of  sugar-beet 
contain  4  per  cent  of  this  acid,  of  which  one  third  is  in  solution. 

949.  Tartaric  acid  (C^H^Og)  occurs  free,  and  also  combined 
with  potassium  in  the  juice  of  the  grape  and  many  other  fruits. 

950.  Citric  acid  (Cfifij)  occurs  in  the  amount  of  ^  to  9 
per  cent  in  the  juice  of  lemons  and  allied  fruits,  and  is  asso- 
ciated with  other  acids  in  most  of  our  subacid  fruits,  such  as 
currants,  cherries,  etc. 

951.  Malic  acid  (C^H^O,)  occurs  free,  or  combined  with  cal- 
cium, in  the  juices  of  many  fruits  and  in  the  sap  of  many  plants. 
It  imparts  the  sour  taste  to  our  most  common  fruits. 

952.  Prodacts  free  from  nitrogen,  ni.  Fats,  or  Gljcerides. 
According  to  Ebermayer  most  of  the  fats  which  occur  in  plants 
are  mixtures  (not  compounds)  of  the  following  three  kinds  of 
fats  in  different  proportions :  Tristearin  or  stearin,  tripalmatin 
or  palmatin,  triolein  or  olein.  The  oils  in  most  seeds,  however, 
are  free,  fatty  acids ;  namel}',  stearic,  palmitic,  and  oleic. 

The  fats  arc  regarded  as  compound  ethers  foimcd  from  the 
triatoraic  alcohol  glycerin,  whence  they  have  been  sometimes 
termed  Glycerin  ethers.  The  following  formulas  exhibit  one  view 
as  to  their  constitution :  — 


Tristearin <^;«^|f  ^>3  |  q, 

Tripalmatin *^C^'^^*  }  ^8 

Triolein '^'6"h6^^'!^8 

Stearic  acid CwHao^a 

Palmitic  acid C^gHjaOa 

Oleic  acid ^§1^84^3 

(Glycerin C3H6(OH)j) 

1  Quoted  by  Ebermayer,  Chemie  der  Pflauzen,  p.  320. 
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The  oils  form  ver}'  intimate  mixtiires  with  the  alhuminoida  ia 
many  cases,  cspcciiilly  in  seeds  of  such  plants  as  Itieinus,  etc. 
AL'cordIng  to  Saclis.  "  in  the  germination  of  all  oily  seeds,  sugar 
and  staraL  arc  produced  in  the  parenchyma  of  every  growing 
part,  disappearing  tVom  them  only  when  tli«  growth  of  tliG  masses 
of  tissue  concerned  has  t>een  completed.  Since,  in  the  case  of 
Ricimis,  the  endosperm  grows  also  independently,  starch  and 
sugar  arc,  in  accordance  with  the  general  nde,  temix>rarity  pro- 
duccil  in  it.  The  cotyledons  apparently  alworb  the  oil  as  such 
out  of  tbe  endosperm,  vbcnce  it  is  distributed  into  the  paren- 
cliyma  of  tlie  hypocotylcdonary  st«m  and  of  the  root,  serving 
in  the  growing  tissues  as  material  for  the  formation  of  starch  and 
sugar,  which  on  their  part  are  only  precursors  in  the  production 
of  cellulose.  In  these  processes  tannin  is  also  formed,  which  is 
of  no  further  use.  but  remains  in  isolated  cells,  where  it  collects 
apparently  unchanged  until  germination  is  completed.  It  can 
scarcely  be  doubled  that  the  material  for  the  formation  of  this 
tannin  is  also  derived  from  ttie  endosperm,  although  perhaps  only 
after  a  series  of  metamorphoses.  The  absorption  of  oxygen, 
which  is  an  essential  accompaniment  of  ever)'  process  of  growth 
and  especially  of  germination,  has  in  this  case,  as  in  that  of  aU 
oily  Bce<ls,  an  additional  significance,  inasmuch  as  the  formation 
of  cnrliohyd rates  at  tbe  expense  of  the  oil  involves  the  appro- 
priation of  oxygen." ' 

Vegetable  wax  ia  closely  allied  to  tbe  fats. 

953.  Prodncts  ttee  from  nltro^n.  IV.  Certain  astringents. 
This  indeQnite  group  comprises  various  matters  differing  sligbtly 
from  one  another  in  some  particulars,  but  agreeing  in  iMssessing  ' 
a  faint  acid  character,  in  changing  color  with  salts  of  iron,  and 
in  combining  with  certain  protein  matters.  Tannin  is  sometimes 
placed  in  the  nest  category,  namely,  among  tbe  glueosides ;  but 
according  to  Scbiff  it  is  digallic  acid.  The  most  im|Mirtant  mem- 
bers of  this  group  are  Tannin  (the  oo-called  tannic  acid),  QitSic 
acid,  and  the  astringent  principle  in  Cinchona,  Catechu,  and 
Kino.  According  to  Niigeli,  these  matters  are  to  be  found  in 
bnds,  in  unripe  fruits,  and  in  those  jwtals  which  become  red  or 
blue,  dissolved  in  the  cell-sap  and  diffusing  through  cell-walls. 
Tannin  sometimes  exists  in  little  globules  of  solution,  enveloped 
by  a  delicate  flim  of  albuminous  matter ;  for  example,  in  the  cells 
of  the  pulvinus  of  Mimosa  and  in  the  bark  of  many  ligneous 
plants  (Birch,  Poplar,  etc.).     The  following  \iews  are  held  as  to 
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the  formation  of  this  sabstance :  Many  anthcvs  regard  it  as  a 
product  of  the  retrograde  metamorphosis  of  certain  carbohy- 
drates; Saehsse  thinks  that  it  always  attends  the  formation 
of  cellulose  from  starch,  and  that  there  is  a  slight  evolatioii 
of  carbonic  acid ;  Wiesner  r^ards  it  as  intermediate  in  the 
scries  which  begins  with  the  carbohydrates  and  ends  with  the 
resins.  This  last  view  is  also  held  by  Hlasiwetz,  who  has  ob- 
tained the  same  products  fVom  tannin  as  fh>m  the  resins,  when 
each  was  fused  with  potassic  hydrate. 

It  is  a  significant  fact  that  all  the  barks  wMch  are  lidi  in  tannin 
are  also  rich  in  starch. 

Nottiing  is  positiveh'  known  as  to  the  function  of  tannin  and 
its  associated  bodies  in  the  plant.  By  Hartig  they  have  been 
looked  upon  as  reserve  materials ;  but  Sdiroeder  was  not  able 
to  verif}'  llartig's  obser\'ations.  By  most  observers  these  sub- 
stances are  regarded  as  waste  products,  having  no  farther  nutri- 
tive function,  but  possibly  playing  some  part  in  the  formation  of 
colors.  The  following  table  ^  shows  their  amount  in  some  of  the 
barks  and  other  parts  used  in  tanning :  — 

Galls 80-77  per  cent. 

Catechu 40-50  " 

Divi-Divi 80-40  " 

Sumach 12-18  " 

Oak  bark 7-20  " 

Willow  Iwrk 8-12 

Hemlock  bark 13-16  *• 

954.  Prodacts  free  from  nifrogen.  T.  Most  Glacosides.  These 
arc  Hubstances  wliich  under  certain  conditions,  esijeciallj  by  the 
action  of  unorganized  ferments,  are  broken  up  into  glucose  or 
some  allied  sugar,  and  at  tlie  same  time  some  other  Ixxiy  capable 
of  further  decomposition.  Most  of  thera  are  soluble  in  water. 
The  following  are  among  some  of  the  best  known  :  salicin,  coni- 
ferin,  a»sculin,  quercitrin.  Tannin  is  often  placed  among  the 
Glucosides. 

955.  Products  free  from  nitrogen.  TI.  Ethereal  oils.  These 
are  volatile  liquids  generally  approaching  Terpene  (Cj^Hjg)  in 
chemical  composition.  Nothing  is  certainl}'  known  as  to  their 
formation  in  the  plant.  They  are  not  again  taken  up  as  plastic 
matter,  but  simply  serve  some  function,  often  that  of  attraction 

1  For  other  dett^rminations  see  Ebermayer's  Chemie  der  Pflanzen,  p.  452, 
from  which  most  of  the  above  arc  taken  ;  also  see  the  excellent  table  in  the 
Ti'uth  Census,  voL  ix.,  p.  265. 
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or  of  protection.  To  their  presence  is  due  the  fragrance  of  many 
fruits  and  Qowers,  notahly  those  of  orange,  l>erganiot,  and  the 
mints.  Associated  with  the  ethereal  oils,  the  camphors  occupy  n 
prominent  place.  They  are  generally  regarded  as  the  protUicts 
of  the  Blight  oxidation  of  some  ethereal  oils.  The  folloning  is 
the  best  known,  CuHjuO   (Laurel-cnmphor). 

956.  Prmlncts  ffeo  from  nitrogen.  Til.  Heslns  and  BalsBins. 
These  substances,  which  diR'cr  much  in  consistence,  color,  aiiij 
other  physical  properties,  contain  comparatively  little  oxygen, 
arc  mostly  amorphous,  insoluble  in  water,  and  sometimes  pos- 
sess a  slight  acid  reaction. 

Balaams  are  defined  as  "  mixtures  of  resins  with  volatile  oils, 
the  resins  being  prnUiced  from  the  oils  by  oxidation,  so  that  a 
balsam  may  be  regarded  as  an  intermediate  pnxluct  between 
a  volatile  oil  and  a  perfect  resin."  ' 

The  Balsams  are  generally  divided  into  tiro  groups :  (1)  those 
containing  mucb  einnamic  acid,  as  Balsam  of  Tolu,  Peru,  etc. ; 
and  (2)  those  which  arc  purely  olco-restnoas,  as  Balsam  Copaiba, 
Fir,  etc.* 

Certain  resins  and  caoutchouc-like  matters  are  found  in  largo 
amount  in  the  latex. 

957.  Products  containing  oitro^ii,  I.  The  albamln-Ilfce  mat- 
ters. Rittbausen  classiHes  these  substances  into  (1)  Albumin  of 
plants  :  (2)  Casein  of  plants ;  (3)  Gelatin  of  plants. 

Albumin  of  plants  is  the  term  applicil  to  the  protein  mat- 
ters which  readily  coagulate  tVom  tlieir  aqueous  solutions  upon 
the  action  of  licat  or  aci<ls.  The  coagnia  dissolve  more  or  less 
readily  in  potassic  hydrate,  exhibiting  considerable  difTcreuces 
in  respect  to  solubility.  They  contain  fVom  2.6  to  4.6  per  cent 
of  ash,  and  have  the  following  elementary  composition ;  — 

C&rbon ES.31-A1.33  per  cent. 

Hydrogon 7.1S-  7.7S       " 

NitrogoD I6.i»-I7.60      " 

Sulphur 78-  1.55       ■• 

Ox>t!«n a0.5&-a2.B8       " 

Gastin  of  plants  comprises  the  following  substances:  l^n- 
min.  gluten -casein,  congliitln.  tiolutions  of  these  are  precipi- 
tated by  dilute  aci<l8  and  by  rennet.    The  precipitates  are  reailily 


•  W»tU:  Dictionary  ofChfmiatiy,  i.,  1893,  p.  491. 

■  A  solution  o!  Uie  coloring-matter  of  alkanet  root  in  dilnte  alrohnl  applied 
to  a  thiu  aeclion  of  a  pUut  containing  resins  colore  the  resina  rod  after  a  few 
minutva,  but  does  Dot  serre  to  diaUogoisb  one  from  another. 
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Bolublc  in  a  solution  of  basic  potassic  phosphate.  Their  ultimate 
coni'|>ositioii  is  nearly  the  same  as  that  of  the  group  just  men- 
tioned. 

Gelatin  of  plants.  The  associated  matters  are  (1)  Gliadin, 
(2)  Muccdin,  (3)  Gluten-fibrin.  These  bodies  are  soluble  in 
alcohol,  and  in  water  containing  a  small  amount  of  acid  or 
alkali.  In  their  fresh  state  thej  are  tough,  viscid  maases,  only 
slightly  soluble  in  water. ^ 

958.  We^'l  does  not  accept  Ritthausen's  classification,  bat 
holds  that  leguniin  is  a  mixture  of  vegetable  vitellin  and  casein ; 
and  further,  that  there  is  no  true  casein  in  seeds,  —  the  sub- 
stance called  by  this  name  being  a  product  of  secondary  changes 
in  the  laboratory. 

959.  Products  containing  nitrogen.  II.  Asparagin  (C^HgX^O^. 
This  substance  occurs  in  the  shoots  of  Asparagus  officinalis  and 
many  other  plants,  from  which  it  can  be  obtained  in  the  form  of 
transparent  cr3'stals  of  the  orthorhombic  system.  It  is  merely 
necessarj'  to  evaporate  the  juice  of  the  plants  to  the  consist- 
ence of  a  thin  syrup,  and  after  allowing  it  to  stand  for  a  time 
the  crystals  will  separate,  and  may  be  purified  by  recr}'8talliza- 
tion.  Pfeffer  describes  the  following  useful  method  of  preparing 
them  upon  the  slide  of  the  microscope :  A  moderately  thick  sec- 
tion of  the  tissue  suspected  of  containing  asparagin  is  placed  on 
a  slide,  covered  with  a  bit  of  glass,  and  treated  with  absolute 
alcohol,  when  the  crystals  will  be  thrown  down  in  the  cells,  or 
will  form  in  the  alcohol  outside  of  tlie  specimen.  The  character 
of  the  crystals  can  be  known  certainly  b}*  their  insolubility  in  a 
concentrated  aqueous  solution  of  the  same  substance  (see  46). 

The  amount  of  asparagin  in  certain  plants  has  been  given  as 
follows :  — 

Name  of  Plant.  Per  cent  of  Anparagln.  Observer, 

liuots  of  AUhfica    ....         2.       ...  Plisson  and  Henry. 

V(*t<'lj  genus 1.5    ..     .  Piria. 

Kadicles  of  a   genninating 
plant  dried  at  100  C.   .     .       10.5    ..     .  Beyer. 

900.  Asparagin  possesses  its  chief  interest  from  the  part 
which  it  probably  plays  in  the  transfer  of  nitrogenous  matters 
through  the  plant.  Acconling  to  PfcflTer,  although  it  cannot  be 
detected  with  certainty  in  tiie  seeds  of  the  vetch  and  pea,  it 
appears  in  the  young  parts,  especially  in  the  lines  of  transfer  (for 


1  Hunt  has  called  attention  to  a  curious  relation  between  the  composition 
of  animal  gelatin  and  that  of  starch  to  which  ammonia  is  added. 
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example,  the  pctioks  of  tbe  cotvk'dona).  That  the  source  of  the 
asparagia  uiual  be  the  reserve  albuminous  mattera  in  tlie  seed, 
appeara  from  the  following  consitleraliou :  •'  The  absolute  amount 
of  nitrogen  remains  the  same  during  germination,  and  tlie 
nitrogen  of  seeds  ia  all  or  nenity  all  contained  in  Iheir  albunii- 
noua  ingredients." '  Asparagin  and  the  chief  proteid  of  tlie 
seeds  in  leguminoua  plants  have  been  thus  compared :  — 


Legnmln. 

DIlRnnw 

Carbon  

Hydrogen 

Ilitro|;eii 

O^JS^ 

86. « 

0.1 
21.2 

64.9 

g.a 

3D.fl 

+28.5 

+2.7 

0.0 

—5.8 

"Asparagin  contains  lesa  carbon  and  hydrogen  but  more 
orjgen  than  legumin  and  othur  proteids.  Consdiuently  if  the 
whole  of  the  nitrogen  of  leguinia  is  iiaed  in  tlie  formation  of 
asparagin,  a  considerable  quantity  of  carbon  and  hydi'ugen  must 
be  given  otfand  a  certain  amonnt  of  oxygen  absorbed.  Exactly 
the  opposite  will  take  place  upon  the  coiivcreion  of  asparagin 
into  proteid."  ' 

961.  Products  conlalnlDE  ultroKen.  III.  The  alkaloids.  These 
substances  all  possess  tlie  power  of  uniting  with  acids  to  form 
salts,  and  they  are  often  described  as  basic  alkaloids.  Among 
the  most  importint  are  Morphia,  Quinia,  and  Strychnia. 

The  number  of  alkaloids  now  known  is  very  great,  and  the 
modes  in  which  tliey  are  found  combined  in  the  plant  are  very 
diverse.  They  are  more  abundant  in  those  plants  which  ore 
grown  under  conditions  of  considerable  warmth,  and  are  much 
more  abundant  in  some  parts  of  tbe  plant  than  in  others,  as  is 
shown  by  the  case  of  morphia.  Nothing  is  positively  known  as 
to  their  origin  or  proper  function  in  the  organism.  It  should 
be  mentioned,  however,  that  many  of  them  when  applied  to 
the  very  plants  from  which  thoy  were  prepared  prove  to  be 
poisonous  ;  thus,  morphia  poisons  the  poppy. 

9G2.  Products  containing  nitrogen.  IT.  rnorganlzed  rermentB, 
Jt  has  long  been  known  that  tliere  must  exist  in  certain  parts  of 


'  Pfi'ITor,  in  Sai-liB"»  Text-Book,  IB82,  p.  719-  Forn  full  iccounl  ty  PTpfler, 
leo  rringsbcim's  Jnhrbttcher,  viii.,  1872,  p.  *29  :  anil  Mooatalwiithl  dn  Ber- 
lin Aksdimie,  1S73,  p.  780.  S«e  «l«o  Hnaemaun  tiDii  Bilgcr:  Die  Fflnnien- 
sUtSe,  i.,  1862,  p.  284. 
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plants,  notably  in  seeds,  compounds  which  possess  the  power  of 
effecting  changes  in  the  character  of  starch,  etc. ;  but  it  was  not 
until  1873  that  a  method  was  given  which  enables  us  to  isolate 
these  compounds  in  a  state  of  comparative  purity.  This  method 
is  based  upon  their  solubility  in  glycerin,  and  their  ready  pre- 
cipitation from  glycerin  solutions  b}'  means  of  common  alcohol.^ 

By  the  use  of  this  method  Gorup-Besanez  has  been  able  to 
obtain  from  the  seeds  of  vetch,  flax,  etc.,  a  ferment  which  is 
soluble  in  water  and  gl^'cerin.  The  substance  contains  7.76  per 
cent  of  ash  constituents  and  4.5  per  cent  of  nitrogen.  Its  solu- 
tions convert  starch  into  sugar  very  rapidly  at  the  temperature  of 
20^-30°  C. ;  and  in  the  presence  of  a  dilute  acid,  for  instance 
hydrochloric,  it  has  the  power  of  peptonizing  proteids.  In  solu- 
tion, it  loses  its  activity  at  80*^  C. ;  but  if  carefully  dried,  it  can 
stand  a  temperature  of  120°  C.  Up  to  the  present  time  no  fer- 
ment capable  of  effecting  changes  in  the  fats  of  plants  has  been 
isolated.* 

963.  Baranetzk}'  has  shown  that  in  the  conversion  of  starch 
into  sugar  there  are  two  phases :  (1)  the  formation  of  dextrin, 
and  (2),  at  a  somewhat  higher  temperature,  the  formation  of 
sugar.     He  observed  an  acid  reaction  in  the  ferment. 

9G4.  In  the  sap  of  Carica  papaj-a,  Wuitz  and  Bouchut  *  have 
isolated  a  peptonizing  ferment  which  acts  promptly  U|)on  albu- 
minoids. The  juices  of  several  tropical  fruits  ai-e  said  to  have 
tlie  proj>erty  of  softening  meats,  and  this  action  is  regarded  as 
dependent  upon  some  unorganized  ferment. 

OGi),  Besides  the  products  already  enumerated,  there  are  some 
bitter  and  extractive  mutters  and  some  coloring  substances  which 
do  not  naturally  fall  into  any  of  the  groups  described. 

9GG.  From  the  facts  which  have  now  been  i)resented,  it  is 
dear  that  the  composition  of  the  sap  which  escapes  from  a  plant 
when  it  is  wounded  must  be  very  complex.  The  juices  of  a 
plant  contain  all  its  dissolved  mineral  matters,  gases  in  solution, 
and  numerous  members  of  both  of  the  nitrogenous  and  non- 
nitrogenous  groups  alread}'  mentioned. 

1  Iliifiier.  Journal  fiir  praktische  Chcmie,  v.,  1872,  p.  372,  and  xi.,  1875, 
p.  43. 

2  For  a  short  account  of  the  work  of  Kosmann  (Journal  de  Pharmacie  et  de 
Chimie,  bvr.  4,  tome  xxii.  p.  335)  and  that  of  Krauch  (Vcrsuchs-Stationen, 
xxiii.  ]).  77),  8Pe  Husemann  and  Hilger  :  Die  Pflanzenstotfe,  i.,  1882,  p.  238. 

•  Coniptes  Rendus,  Ixxxix.,  1879,  p.  425  ;  xci.,  1880,  p.  787.  See  also  the 
following :  Duclaux  :  Comptes  Rendus,  xci.  p.  731,  and  Hansen  :  Sitz.  der 
physikraedicin.  Societiit  zu  P>langcn,  1880. 
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967.  It  has  been  long  knovrn  that  air  is  necessary  for  the 
gei'Diinalion  of  seeds.'  In  1777  Schecte'  t>oint«d  out  that  in  this 
process,  as  in  the  breathing  of  animals,  oxygen  (called  by  him 
fire  air)  is  consumed  and  carbonic  acid  (called  by  him  air-acid) 
is  given  off.  Two  years  later,  Ingeuhousz  *  showed  that  all 
plants  at  night  give  off  fixed  air  (carbonic  ncid),  and  in  180i 
f^aussure  proved  that  all  plants  recjiiire  oxygen  for  their  growth. 
In  ISSSMeyen'  clearly  defiued  the  scope  of  respiration  in  plants, 
since  which  time  it  has  been  carefully  examined  in  most  of  ita 
relations. 

96S.  The  relations  of  gases  to  plants,  so  far  as  their  absorp- 
tion and  elimination  ara  concerned,  have  been  suflicientJy  dis- 
cussed in  Chapter  X.  It  is  merely  necessary  to  stat«  at  pi'escnt 
that  oxygen  is  readily  absorbed  by  all  parts  of  plants,  and  that 
the  intercellular  passages  (519)  form  a  means  by  which  it  can 
traverse  tho  whole  plant  very  rapidly. 

QGO.  In  its  simplest  phases  respiration  consists  in  the  absorp- 
tion of  oxygen,  the  oxidation  of  oxidizabie  organic  matters,  and 
the  evolution  of  the  products 
of  oxidation ;  namely,  earbotiic 
acid  and  water.  Some  other 
pi-oduct^  are  oflen  formed  in 
minute  amount,  but  these  may 
be  here  disregarded. 

970.  Heosurement  of  B«s- 
piratlon.  Respiration  cc 
mcasiiretl  very  nearly  by  the 
amount  of  oxygen  which  dis- 
api^eara  or  by  tho  amount  of 
carbonic  acid  wliich  is  given 
off.  The  ordinary  apparatus 
for  examining  respiration  is 
based  upon  tlte  measurement 
of  the  latter,  and  consists  es- 
sentially of  some  application  of  potash-bulbs,  or  wasb-txittles  (sc 
Fig.  163),  for  the  interception  of  all  evolved  carlxinic  acid.     The 

'  Sm  Mnl|i|ghi  :  Opera  omnia,  ISSd. 

*  L'lieiui«vhu  AbhuidiuDg  von  der  Lolt,  1777. 

*  Experiments  npon  Vegetlblea,  1779,  p.  nivi. 

*  PUnMonphj-siologie,  ti.,  1838,  p.  1C2. 
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air  supplied  to  the  seeds  in  the  bell-jar,  of  course  first  carcftillj 
freed  from  ever}'  trace  of  carbonic  acid,  is  drawn  through  by 
means  of  an  aspirator,  and  in  the  bulbs  all  the  carbonic  add 
derived  from  the  germinating  seeds  is  retained. 

971.  Plants  in  dweUing-hoases.  To  what  extent  can  house- 
plants  injure  the  air  of  rooms  at  night?  The  carbonic  acid  which 
is  given  off  b}'  plants  comes  from  the  bi'eaking  up  of  assimilated 
matters  in  the  various  activities  of  the  oi'ganism,  such  as  growth, 
movements,  etc.  But  the  total  amount  of  work  done  bj  any 
plant  under  the  conditions  to  which  ordinary  house^plants  are 
subjected  is  i*eprc8ented  b}'  the  oxidation  of  a  yer)''  small  amount 
of  food.  From  tlie  most  trastworth}'  data  it  is  safe  to  say  that 
in  the  case  of  one  hundred  average  house-plants  the  whole 
amount  of  carbonic  acid  resulting  from  such  oxidation  during 
work  would  not  vitiate  the  atmosphere  of  a  moderate-sized  room 
to  any  appreciable  extent ;  in  fact,  would  be  exceeded  by  the 
amount  evolved  from  a  common  candle  burning  for  the  same 
length  of  time. 

972.  Relation  of  the  carbonic  acid  giien  off  to  the  oxygen 
absorbed.  Owing  to  the  fact  that  part  of  the  carbonic  acid 
produced  during  respiration  is  retained  within  the  plant,  and 
tliat  water  is  formed  as  a  product  of  respiration,  it  is  difficult  to 
determine  the  exact  relations  of  volume  of  the  absorbed  oxygen 
and  tlie  evolved  carbonic  acid.  It  is  known,  however,  that  in 
certain  cases  the  amount  of  carbonic  acid  evolved  is  less  than 
would  be  expected  from  tlie  amount  of  oxygon  absorbed.  This 
is  well  sliown  when  tlie  gonnination  of  oily  seeds  is  compared 
with  that  of  seeds  containing  chiefly  starch.  When  oil}*  seeds 
gorniinato,  the  amount  of  carbonic  acid  is  apprcciabl}*  less  than 
that  given  off  by  starchy  seeds.  Ilellriegel  has  shown  that  in 
one  instance  the  fixation  of  oxygen  amounted  to  an  increase  in 
weight  of  1.15  per  cent. 

973.  The  free  oxygen  of  the  atmosphere  Is  ample  for  the  respi- 
ratory process.  JSaussure^  has  shown  that  the  amount  in  the 
atmosphere  can  even  be  reduced  one  half  without  materially 
interfering  with  the  functions  of  the  plant. 

Most  observers  have  found  that  in  pure  oxygen  there  is  an 
increase  in  the  activity  of  the  respiratory  function. 

Beit*  has  conducted  interesting  experiments  upon  the  effect 


1  Quoted  by  PfttfFer,  Pllanzenpliysiologic,  i.  p.  373. 

^  For  a  discussion  of  this  question,  jKirticularly  with  reference  to  the  lower 
organisms,  consult  Bert :  Lu  pression  baromctric^ue,  1878. 
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of  pressure  on  the  various  functions,  by  wbieh  it  appesra  ttiat  in 
orttiuary  air,  uu<ler  a  pressure  of  six  utmospberes,  Mimosa  per- 
ished quickly.  Id  an  atmosphere  under  bigh  compression  seeds 
germinated,  if  at  all,  very  slowly. 

974.  Infiaence  of  temperatnre  upon  respiration.  Respiration 
can  go  on  nt  low  temperatures,  even  near  the  free  zing-point  of 
water.  The  rate  of  respinilion  increases  with  lisc  of  tempera- 
ture, as  will  be  seen  fVom  the  following  figures  for  germinating 
beans :  — ' 

T>nii.arDi,iH>  Amouiil  of  Mrbonio  add 

2=0 .  10.66  mgr. 

8° 21.22     •■ 

18" 82.3*     '• 

ae" 8B.«0     " 

30° *7.62     ■■ 

975.  iBOodDce  of  Ilfht  npon  respiration.  It  is  not  yet  known 
positively  wliether  light  baa  any  effect  upon  respiration.  In 
some  expei-iments  there  has  been  a  slight  increase,'  in  others  a 
diminution.*  in  ttie  rate,  with  increased  iltumination ;  but  it  is 
not  certain  whether  all  other  factors  were  cscluded. 

If  the  produced  carbonic  acid  does  not  escape  readily  from  the 
tissues,  respiration  goes  on  more  slowly.* 

97G.  Periods  of  rest.  Although  all  plants  require  oxygen  for 
the  performance  of  their  normal  functions,  it  by  no  means  follows 
that  when  a  plant  is  supplied  with  oxygen  the  normal  activities 
will  be  necessarily  exiiibited.  In  the  ease  of  certain  bulbs,  seeds, 
etc.,  even  with  the  most  favorable  surroundings,  there  may  be 
no  signs  of  resiiiratory  or  other  activity  until  after  the  lapse  of 

'  Rischawi;  Teranclis-Slatianen,  xii.,  1S78,  p.  338. 

*  Wolkoff  and  Mayer:  LandwirthschaftliiJiB  Jahrbiicher,  187*,  Heft  i*. ; 
Cahouni;  Com|itei  Krnilua,  Iriii.  1S61,  p.  1200, 

■  Damas:  Annales  de  ChJmie  >t  de  Fhynque,  air.  C,  tome  uL,  1S7*, 
p.  105  ;  BonxliD  :  Just'i  Bolan.  Jahresbericht,  iv.,  1878,  p.  930. 

*  For  the  bearings  ot  this  apon  alcoholic  fenuentation,  which,  ancording  to 
Mclwni,  i*  not  arrested  until  a  preaaiire  nf  25  Btmoapherrs  of  carbonin  arid 
ia  reached,  tee  Paiit«ur;  Annalea  do  t'hitnie  et  do  Phyd-iue,  »er  3,  tome  lii., 
1S58,  p.  (IS ;  and  Niigeli:  Die  ninli^Ten  Pilir,  1S77.  p.  31. 

Aleoholie  FermmtrMon.  This  procna  ii  so  intin»tely  connected  with 
that  nT  resjHTition  that  it  requires  a  brief  description  at  this  point  Rednced 
to  iu  timplest  terma,  it  coiuiiita  of  tlie  changea  which  are  produced  in  ■  aoln- 
tioD  of  aufi^  by  the  f^mwlli  of  a  mii'mscopin  orgonism.  This  ia  some  ona  of 
the  Saccharomycetei  (a  group  of  low  riitigi  whi<:h  are  propafcat<:d  by  ■  proceai 
of  buddinil).  Ky  the  growth  of  tliii  funKUS  lhi>  solution  of  sngar  is  broken  up 
inl«  vwiuus  products,  the  most  noteworthy  being  aleohol  and  carbouio  acid. 
24 
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a  given  period  of  time.  There  is  little  doubt  that  this  refbsal 
of  the  resting  part  to  start  is  an  inherited  trait  connected  in 
some  way  with  the  protection  of  the  plant  against  nntoward 
influences. 

977.  Respiration  is  accompanied  by  an  erolitloB  of  heat. 
The  flowers  of  the  melon  and  tuberose  were  examined  by  Saos- 
sure,  who  found  that  in  the  opening  of  the  former  there  was 
an  elevation  of  4  to  5  C.^,  in  that  of  the  latter,  .3^.  Caspaiy 
detected  a  noticeable  rise  of  temperature  in  the  o|)ening  flowers 
of  Victoria  regia,  and  the  same  has  been  observed  in  flowers  of 
species  of  Cactus. 

978.  In  those  cases  where  it  is  possible  to  examine  an  organ 
in  which  the  process  of  respiration  is  rapid,  as  in  a  compact 
cluster  of  flowers  of  Araceae,  the  difference  between  the  tem- 
perature of  the  air  outside  and  that  inside  the  spathe  is  very 
marked. 

979.  The  following  results  by  Senebier,  obtained  by  two 
methods  of  experimenting,  are  very  instructive,  showing  the 
remarkable  and  rapid  changes  of  temperature  in  such  cases. 
The  plant  in  this  instance  was  Arum  maculatum. 

Time.  Temperature  of  air.  Temperature  of  ipatfati 

3      P.  M 15.6 16.1 

5         **         14.7 17.9 

6J       *•         15 19.8 

6i       ♦*         15 21. 

f,J       "         14.9 21.8 

7         '•         14.3 21.2 

9\       **         15 18.5 

loj       "         14 15.7 

5      A.  M 14.1 14.1 

Even  higher  differences  have  been  observed. 

980.  Light  is  produced  during  the  growth  of  certain  of  the 
lower  fungi  under  certain  conditions.  The  j)henomenon  called 
phosphorcsceiiec  is  not  known  in  an}'  of  the  higher  plants.^ 
According  to  Fabre,  it  is  associated  with  tlie  absorption  and 
consumption  of  oxygen,  and  the  evohitiou  of  carbonic  acid. 

981.  Intramole<*ular  respiration.  Under  certain  circumstances 
plants  can  continue  to  give  off  carbonic  acid  when  no  free 
oxygen  is  BUi)pUed,  and  when  they  are  kept  in  an  atmosphere 

1  For  an  account  of  supposed  cases  of  luminous  tlowcrs  see  Balfour's  Class 
Book  of  Botany,  1854,  p.  676. 
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oF  some  other  gaa.'  The  following  experiment  will  illustrate 
this  :  — 

ir  a  ma.ss  of  active  seedlings  be  placed  in  a  carrcnt  of  some 
nciitnil  g.is.  for  instance  nitrogen,  the  seedlings  will  contiaue  to 
evolve  carbonio  acid.  Sini'e  Ibo  amount  of  otLrbonic  acid  given 
off  ia  greater  than  can  be  derived  from  the  oxygen  which  might 
Ite  fairly  ossnmed  In  have  l>een  retained  in  the  olants  at  the  be- 
ginning of  the  ex|ieriment.  the  conclusion  has  been  drawn  that 
the  production  of  tliis  gas  is  at  tbe  expense  of  sulwtanees  within 
the  tissues  containing  combined  oxygen.  In  other  worcis,  this 
process,  which  is  tiiic  respiration  in  some  particulars,  differs  from 
it  in  tliis  respect :  in  ordinary  respii'.ition  free  oxygen  entci's  into 
the  plant  and  there  oxidizes  certain  matters;  while  in  this  cose 
the  molecules  of  ceriain  compounds  break  up,  and  the  released 
oxygen  at  once  forms,  with  carbon,  carbonic  acid,  which  is 
evolved.    This  process  is  known  as  intramolecular  respiration. 

982.  Wortraann '  has  proved  that  when  seedUngs  of  Vieia  Kaba 
are  placed  for  short  periods  in  an  atmosphere  free  from  oxygen, 
they  give  off  the  same  amount  of  carbonic  acid  as  they  do  when 
ox,vsen  is  furnished.  IIodcc  lie  was  naturally  led  to  believe  that 
all  the  carlK>nic  acid  produced  by  plants  has  its  origin  in  intra- 
molecular respiration,  and  that  the  free  oxygen  of  the  air  takes 
no  direct  part  in  the  formation  of  the  carlwnic  acid  evolved. 

9K,'i.  But,  on  the  other  hand,  Wilson*  has  shown  that  most 
plants  evolve  much  larger  quantities  of  earl>onic  acid  when  free 
oxygen  is  proviiled,  and  that  Vicia  Faba  forms  a  remarkalilo 
exception  to  this  rule.  Hia  experiments  were  made  upon  seed- 
lings, i>ud3,  leaves,  flowers,  fruits,  and  crjptogamous  plants, 
and  with  uniform  results,  lie  cites  Pfcffer  as  saying:  "If  an 
equal  amount  of  carbonic  acid  were  formed  in  Ixith  intraroolecn- 
tar  and  normal  respiration,  this  would  only  prove  that  the  same 
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'  The  ama  pliflnomcnon  has  be<^  obaerred  in  the  c«w?  of  nome  of  tbe 
lower  aniranli :  PfliLget  lAri^hirrs  Tiir  PhjaiolDgip,  x.,  137a,  p.  2al|  has  iihown 
Ihnt  »lian  llirae  anitnaU  an  k^pc  in  in  ritmoaphen  of  nltn^D,  thry  evolve 
during;  iha  first  few  tioura  nearly  tbe  uaieunoDnt  of  eailiouic  ai-id  u  if  [livir 
hill  been  plttcM  in  comoian  air.  Tbe  ctiemiral  prr>pe«aes  whioh  caiue  the 
production  anil  evolntion  of  csrbonii:  acid  in  the  atunDHi  of  free  oxygen  nrc 
gn>ii|<ed  by  rflUger  uoder  the  t«mi  inlramolofaiar  rrtpiration, 

*  Arbeiten  des  botaniaehen  Instituts,  Wilnibnrg,  18SA,  p.  GOO. 

*  Flom.  18S3,  nnd  Amprican  Jonmal,  xxiii.,  IS82,  p.  423.  For  on  interesting 
account  of  the  Ucerature  of  inttsmolecQlar  respiration  see  Pfliigcr'i  paper,  men- 
tioned ahore.  Obserrntioiiii  upon  the  aubjret  were  made  even  dnring  the  lut 
catiliiry  Ktid  early  in  the  present  century.  For  Brotightou'i  and  FfelTor'a  work 
■M  Botaniwhe  Znitnng,  1870,  and  PlliiDienphyiiologie. 
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number  of  carbon  aflSnities  for  oxygen  had  been  satisfied  lo 
each  case,  and  wouhl  in  no  wa}'  indicate  from  whence  the  sapply 
of  oxygen  came.  And  in  case  free  oxygen  was  active  in  normid 
respiration,  in  intramolecular  respiration,  when  firee  oxj'gen  was 
absent,  its  full  suppl}^  might  still  be  obtained  through  constant 
powerful  attractive  forces  which  could  take  oxygen  from  other 
combinations  and  thus  give  rise  to  secondary  changes." 

984.  Eriksson  *  has  shown  that  a  slight  elevation  of  tempera- 
ture occurs  during  intramolecular  respiration,  amounting  in  the 
case  of  a  mass  of  seedlings,  flowers,  or  fhiits,  125  cc.  in  bulk, 
to  .l^-.3^  C.  In  the  experiments  which  he  made  with  yeast,  he 
obtained  a  much  larger  increase  of  temperature.  Thus,  when  he 
employed  500  cc.  of  a  fluid  containing  five  parts  by  weight  of 
water  and  one  part  by  weight  of  yeast,  together  with  10  per  cent 
of  sugar,  he  obtained  an  increase  of  3^.9  C.  He  found,  fbrther, 
that  in  intramolecular  respiration,  both  in  the  case  of  germina- 
tion and  in  that  of  yeast,  the  elevation  of  temperature  can  be 
noticed  for  one  week.  After  this  time,  with  diminution  of  the 
respiration,  the  temperature  becomes  the  same  as  the  surround- 
ing air ;  but  even  then  life  is  not  extinct. 

985.  The  curious  experiment  of  introducing  the  smaUest  pos- 
sible amount  of  organized  ferment  into  a  liquid  from  which  aU 
air  has  been  expelled,  but  wliieh  is  otherwise  fitted  to  undergo 
fermentation  or  putrefaction,  has  resulted  in  setting  up  one  or 
the  other  of  tliose  processes,  and  causing  the  liberation  of  con- 
siderable quantities  of  carbonic  acid.  It  is  believed  that  in  this 
case  likewise  the  needed  oxygen  is  supplied  b}-  that  in  the  mole- 
cules of  oxygon-compounds,  which  are  easily  broken  down. 

986.  While  the  non-nitrogenous  compounds  are  those  which 
play  the  most  important  part  in  furnishing  material  for  oxidation 
and  the  release  of  energy,  the  nitrogenous  matters  share  in  this 
activity.  Some  physiologists  ^  look  upon  the  latter  as  the  chief 
matters  concerned  in  the  process  of  respiration,  and  would  regard 
the  non-nitrogenous  com^wunds  as  merely  supplying  waste.  Ac- 
cording to  this  view,  asparagin  is  a  waste  product  somewhat 
analogous  to  urea  in  animal  economy. 

987.  From  what  has  been  said,  it  is  plain  that  respiration  does 
not  consist  merely  in  the  direct  absorption  of  oxygen  and  the 
immediate  oxidation  of  compounds  within  the  organism,  but 
that  it  is  a  complicated  process  of  which  the  absorption  of  oxy- 
gen and  the  evolution  of  carbonic  acid  are  the  extreme  terms. 

*  Untersuchiingen  aus  dem  bot.  Inst,  zu  Tiibiugen,  1881,  p.  105. 

*  Borodin  :  Botanische  Zeitung,  1878. 
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988.  As  already  sIiowd,  regeLable  growth  consists  (1)  In  the 
formation  of  new  cells,  (2)  in  the  increase  in  size  of  ureviotisly 
existing  ones,  or,  (3)  as  ia  commonly  the  caae,  in  botli  of  these 
processes  taking  pluce  simullaueoualy.  In  the  prodnction  of 
new  cells  and  in  the  augmentation  of  cells  in  size  Uicre  are  cer^ 
tain  chcmieal  and  physical  phenomena  which  always  accompany 
the  morphulogicnt  changes. 

ilR'J.  The  chemical  changes  are  essentially  those  which  have 
iKon  dcsci'il>cd  under  Ti'ansmutation  and  Respiration ;  available 
matters  change  their  character  in  order  to  be  utilized  in  the  for- 
mation and  increase  in  size  of  cells.  The  ph3sical  phenomena 
are  chiefly  those  which  accompany  oxidation  :  namely,  the  evolu- 
tion of  heat  and  the  production  of  electrical  disturbances. 

990.  The  materials  used  by  the  plant  for  the  formation  of  new 
structures  are  produced  by  assimilation ;  and  in  annuals  a  lai^e 
part  of  the  assimilatLtl  matt«r  is  consumed  in  growth  as  soon 
as  it  is  made.  Itut,  in  perennials,  especially  in  thoae  which 
belong  to  climates  where  vegetation  has  periods  of  rest,  a  por- 
tion of  the  assimilated  matter  is  stored  up  for  future  use.  The 
rapidity  of  the  growth  from  buds  in  the  spring  is  due  to  the 
abundant  supply  of  assimilated  mattei-a  prepared  during  the  pre- 
ceding summer. 

901.  Hence  growth  is  not  necessarily  associated  with  increase 
in  weight.  In  fact,  in  tlie  growth  of  uew  parts  from  a  hulh  or 
tuber,  although  there  is  a  marked  increase  of  volume,  there  is.  at 
first,  an  actual  loss  of  dry  substance  through  oxidation.  More- 
over, one  part  may  grow  at  the  expense  of  another ;  and  we  may 
have  under  certain  conditions  the  anomaly  of  an  increase  in 
volume  of  new  organs,  with  simultaneous  but  larger  decrease  in 
size  of  older  parts,  so  that  the  result,  as  regards  the  whole,  is 
diminution  of  weight. 

992.  Morpholoiclcal  changes  in  the  c«lls.  The  two  processes 
involved  in  orditiarv  growth,  namely,  increase  of  cells  in  number 
and  in  size,  may  go  on  together.     But  growing  uclls  belong  to 
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one  of  two  classes :  either  they  are  ca];>able  of  prodaeing  other 
cc'lls,  or,  incapable  of  this,  they  develop  into  cells  for  some 
BiX'cial  otilce.  To  the  former  class  belong  all  merismatic  tissues ; 
I  see  210j  from  the  latter  all  the  permanent  tissues  are  derived. 
Since  growing  cells  have  such  ditferent  destinies,  we  must  ex- 
amine them  in  their  earliest  stage  to  find  what  they  have  in 
common. 

^93.  The  simplicity  of  structure  in  many  of  the  lower  plants  is 
so  great  that  a  living  cell  can  be  kept  under  observation  through* 
out  its  various  stages,  ami  through  its  transparent  wail  all  the 
changes  which  go  on  within  it  can  be  noted.  But  the  points  of 
growth  in  most  plants,  esfiecially  those  of  the  higher  grade,  are 
hidden  b}-  more  su|)erficial  cells ;  and  upon  removal  of  these  pro- 
tecting pails,  pathological  changes  are  brought  about  at  once, 
from  ex|)osure  and  mechanical  injury,  and  healthy  growth  is 
arrested.  In  a  few  instances  only,  such  as  plant-hairs  and 
other  epidermal  structures,  is  it  possible  to  observe  directly  the 
progress  of  cell-division.  Growth  in  deeper  parts  must  be  ex- 
amineil  by  an  indirect  method ;  that  is,  like  parts  must  be  com- 
pareil  at  different  stages  of  development,  care  being  taken  to 
select  those  which  have  l)een  kept  under  nearly  the  same  ex- 
ternal conditions.  B}'  judicious  selection  of  material  for  the 
examination  of  growth,  specimens  can  be  found  which  exhibit 
in  a  singU*  section  several  different  pliases  of  cell-division. 

994.  When  fresh  material  is  employed,  the  sections  are  so 
much  distorted  that  it  is  dillicult  to  secure  satisfactor}'  i*esults ; 
in  f:u*t,  the  discordant  views  relative  to  the  formation  of  cells  are 
larijt'ly  attributiible  to  this  source  of  error.  If,  however,  the 
tissue  to  be  examined  is  placed  for  a  while  in  absolute  alcohol, 
either  with  or  without  a  little  chromic  acid,  the  cell-wall  is 
rendered  so  much  harder  that  the  sections  are  not  seriously 
distorted,  and  the  contents  of  the  cells  are  more  clearl}'  seen. 
When  the  treatment  is  supplemented  by  the  use  of  staining 
agents  adapted  to  special  cases,  the  course  of  development  of 
new  c(^l]s  can  be  followed  out  with  comparative  certaint}'. 

01)5.  In  the  protoplasm  of  nearly  all  ve^jetable  cells  there  is  a 
spheroidal  or  lenticular  body  apparcntl}*  denser  than  the  proto- 
plasm itself.  It  retains  the  name  jiucIchs^  given  to  it  by  liol)ert 
Brown,  who  first  called  attention  to  its  importance.  Under  ordi- 
nary circumstances  it  can  readily  be  detected  in  all  active  cells 
of  the  higher  plants. 

When  living,  it  resists,  like  the  protoplasm  in  which  it  is 
embedded,  the  entrance  of  all  coloring  agents  ;  but  when  dead  it 
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is  at  oucc  tiiigcil  by  them.  Upon  the  applU'stioD  of  iodine  it 
becomes  ilee|K-r  browu-jcUow  than  pi-otopluan],  and  tills  led 
Hofincister  to  tlie  bclii'l'  Ibat  it  is  richer  in  albumiDoidal  mat- 
ters.' Its  behavior  with  iligestivc  fluid  and  other  reagents  indi- 
cates Uiat,  like  tlie  nucleus  iu  tbe  animal  kiugdou],'  it  contains 
a  substance  rich  iii  phosphorus." 

990.  The  surface  of  tbe  nucleus  generally  appears  to  be 
flrmtir  and  more  liigbly  refringcHt  than  the  interior  mass,  and  in 
these  respects  is  like  the  superficial  luyer  of  protoplasm.  Even 
with  low  powers  of  the  microscope  and  without  reagents  the 
inuer  mass  of  tUe  nucleus  is  often  seen  to  be  far  from  homo- 
geneous, generally  containing  granules,  which  are  sometimes 
irregular,  sometimes  regular  in  form.  When  a  single  large 
granule  is  present,  it  is  known  as  the  nucleoius ;  when  two  or 
more,  tlie  nucleoli.  These  vary  widely  in  number,  size,  and 
shape.  Besides  such  granules,  vacuoles  are  frequently  present. 
Upon  the  application  of  suitable  staining  agents,  and  by  tho 
use  of  high  powers,  tbe  nucleus,  fonnerly  thought  to  be  nearly 
homt^neoua,  is  shown  to  be  a  basic  substance  possessing  a 
finely  reticuLttcd  structure.  At  times  the  nucleus  appears  to 
be  simply  dotted  throughout  with  fine  points. 

997.  When  the  bodies  which  are  associated  with  ita  basic  sub- 
stance are  granular,  they  are  distinct  from  each  other  ;  but  when 
in  the  shape  of  rods,  fibres,  or  delicate  threads,  they  are  usually 
conjoined  to  form  a  sort  of  network,  or  so  connected  t<^ther 
as  to  make  a  long  thread  which  is  tangled  in  a  complicated  man- 
ner. The  basic  substance  of  the  nucleus,  less  higlUy  colored  by 
staining  agents  than  the  rest,  has  lieen  called  Acbromatin  ;  while 
tho  portions  which  take  i-olor  readily  are  tennod  Chromatin  by 
Flemming,  nnclein '  by  Straabui^er, 

During  cell-division  these  portions  of  the  nucleus  undergo 
remarkable  changes  of  shape  and  position,  which,  with  the 
changes  observable  in  the  nucleus  as  a  whole,  can  be  illustrated 
by  a  few  special  cases  taken  from  Strasburger's  treatise,  and 
given  in  nearly  Uis  words. 


<  IlornieUtcr:  Dia  Lchi?  von  dor  Pflannazelle,  ISST,  pp.  78,  79. 

*  Hopjie-Seyler:  Physjologuche  Cheoiis,  L  p.  81,  which  containi  m  good 
tcraaiit  af  tho  literature  of  the  ■iibjwt. 

■  Zacbania  :  Botitiische  ?^tung,  1S81,  p.  109. 

*  The  only  abj»:tion  tu  tlie  terrn  nue/«in  is  iti  prrvioua  ipplication  to  ths 
proxiuitW  chemiral  Bubstnace  ricb  io  phoaphorai  which,  althoogh  >  part  o~ 
the  nuclrus,  is  not  prored  tu  lie  ideuIic<J  with  tbe  port  which  receives 
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U98.  Derelopnieiit  of  <itoinaU.  Each  of  the  mother-cells  from 
which  tf)C  guanliancella  of  stomata  are  formed  contains  at  Srst  a 
large  nucleus  with  one  iai-ge  nucleulus  or  several  small  nucleoli 
(Fig.  164,  No.  1).  The  nucleus  grows  iu  size  aiul  becomes  gnuv- 
ular,  but  does  not  lose  its  idontity  in  the  protoplsksmic  mass  (Fig- 
164,  Nob.  2,  3).  At  thiB  [lenod  faint  stripes  appear  which  con- 
verge towards  the  poles  of  tlie  spheroidal  nucleus,  while  there  is 
developed  midwaj',  at  what  has  been  well  called  the  equator,  ft 
row  of  granules  Ijing  in  one  plane  and  forming  a  sort  of  disc 
orplutc  (Fig.  164.  No.  4).  The  granules  next  pass  for  the  most 
part  in  the  meridian  lines  towards  the  poles,  and  there  acciimu- 
Ut«  to  constitute  new  nuclei  (Fig.  1G4,  No.  5).    The  polar  mass 


ftre  connected  by  faint  stripes,  and  fix>m  this  stage  (Fig.  164. 
No.  6)  go  rapiill}'  to  their  fuller  develupment.  In  them  rods 
appear  which,  though  somewhat  curved,  generally  lie  in  the 
direction  of  the  axis  of  the  spindle,  and  the  contour  of  the  two 
masses  becomes  cloarlj-  defined  (Fig,  1G4,  No,  7).  Next,  the 
bint  stripes  thicken  eomcwhat,  while  at  the  equator  there  is 
dcvelope<l  a  plane  of  minute  granules  (Fig,  1G4,  No.  8),  which 
become  confluent  and  form  a  ixihercnt  film.  This  soon  splits 
into  halves  lielween  which  cellulose  is  secreted.  At  first  the 
secretion  takes  place  in  spots,  but  it  soon  becomes  uniform. 
The  splitting  of  the  film  for  the  formation  of  the  cellulose  is 
similar  to  that  of  the  nuclear  disc,  except  that  in  the  former  the 
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separation  ia  very  slight.  At  the  time  of  the  formation  of  the 
cellulose  Dim  certain  nuclear  threaila  may  stretch  us  far  as  the 
wall  of  the  mother-cell ;  but  often  they  du  not  extend  to  it,  and 
ill  this  caae  the  gap  ia  filled  out  by  a  corresponding  plate  from 
the  protoplasm.  The  celliiloae  film  is  produced  almost  simul- 
taneously throughout  the  whole  extent  of  the  mother-cell,  which 
is  cut  into  two  guardian-cells,  formuig  a  stoma  (Fig,  164,  No. 
1)).'  Although  the  process  goes  on  without  inten'uption,  it  may 
be  divided  into  three  phases;  namely.  (1)  the  arranging  of  the 
nucleolar  bodies  to  form  a  disc  in  the  middle  plane  of  the  nucleus ; 
(2)  the  splitting  of  the  nuclear  disc  into  two  parts  which  pass 
over  towards  the  poles,  there  becoming  new  nuclei,  leaving  faint 
meridional  lines  connecting  them ;  (3)  the  thickening  of  these 
lines,  and  the  appearance  of  granules  ut  the  equntor.  so  as  to 
form  a  plate  which  divides  into  halves.  The  cellulose  film 
secreted  between  these  halves  sooner  or  later  goes  across  the 
cell  cavity,  making  a  partition -wall  between  two  new  cells. 

The  mother-cell  from  which  guardian -cell  a  are  developed  in 
the  manner  Just  described  is  itself  produced  in  nearly  the 
same  manner  from  an  epidermal  cell.  The  latter  contains  a 
spherical  nucleus  having  a  diamet«r  about  two  tliirds  that  of 
the  cell.  It  is  not  wholly  filled  with  protoplasm,  as  is  usually 
the  case  with  cells  capable  of  division,  but  has  a  very  thick 
lining  of  protO|)la9m  along  the  wall,  and  in  this  tbe  nucleus 
is  embedded.  The  nucleus  extends  completely  across  the  cell- 
cavity,  while  above  it  and  below  it  ia  eell-sap.  If,  now,  the 
epi<Iermal  cell  is  to  give  rise  to  a  new  one,  the  nucleus  passes 
over  to  one  end  of  it  ond  there  divides  into  two  parts,  essentially 
OS  before  described,  except  that  the  halves  remain  close  t(^ther. 
Uetween  these  new  nuclei  the  cell  disc  or  plate,  and  the  ccllnloso 
plate,  are  successively  produced,  cutting  the  old  cell  into  unequal 
parts. 

999.  The  dlrialoB  of  cells  in  cambluDi  was  examined  by  Stras- 
bui^er'  in  young  slioots  of  I'inus  sylvestria,  which  had  completed 
their  growth  in  length  and  had  begun  to  thicken.  These  were 
selected  on  account  of  their  rapid  development.  The  cambium 
cells  of  this  pine  have  a  lining  of  protoplasm,  together  with  a 
nucleus  which  occupies  the  middle  of  the  cell  and  completely 
tills  tlie  smaller  diameter.    The  nucleus  is  nearly  spherical,  or 


<  Stmburgcr:   t'uUir  Zcllbildung  unJ  Zrllthcilimg,  We,  p.  lin.      Tlii* 
uunt  is  BompwhAl  but  not  esuxiilLnlly  diiri-rent  m  the  aditiou  uf  laSO. 
1  UoUr  ZcUbildoiig  und  Zelltbeilung,  1S76,  p.  116. 
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somewhat  lengthened  in  the  direction  of  the  long  axis  of  the  oeQ, 
and  coiitaitit)  Hcvcml  aucleoli.  Whea  it  bcgius  to  grow,  tbeae 
nuclM>li  diHapi>car,  and  tbc  eliarocteristic  striation  praviouely  de- 
Bcribed  apijeai-a  tranavL-rac  tu  the  direction  of  tlitura  division  and 
of  Uie  nuclear  disc.  The  latter  is  not  clearly  defined,  and  its 
halves  do  not  recede  from  one  another  very  far,  since,  in  (act, 
thera  IB  not  space  for  much  expansion  in  any  event  The  parti- 
tion wall  at  first  is  confined  to  tlie  apace  between  the  halves, 
and  tbtjse  are  found  in  close  contact  wiUi  it,  but  Uler  it  extends 


TOmpIetely  across.  The  remarkable  thickness  of  the  radial  walls 
of  the  caniliiinD  is  explained  by  Sanio  as  due  to  the  non-absorp- 
tion of  a  part  of  llie  nioliicr-cell ;  but  .Sira8l)urgcr  ascribes  it 
to  the  uninterrupted  initrition  of  the  radial  wall  from  the  contents 
of  the  cell  iUell'.  The  newly  formed  paitition-wall  is  thin,  and 
cannot  l>e  shown  by  rongoiits  to  be  double.' 


1  ThP  filuili'tit  slioiiUI  consult  RtniahuT^r'B  wnrli  ;  Vvhrr  <l«n  Thcilun^'s 
iMrRiiiid  ■Xei  ZiOlkeiiio,  18S-2  ;    niso  Diis  botaiiisohd  Pnmtk'um,  tlinp.  Xsxiv. 
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1000.  DeTelopment  of  pollen •?» I na.  TliU  affords  bouig  of  the 
most  iuslnictive  csatnplos  uf  wU-division,  and  owing  to  tlie 
fiuiilily  with  wliit-li  material  can  be  procured  and  Htudicd,  has 
received  much  attiintion. 

(1)  Supcrfci'il  phenomena.  These,  whieh  eiin  be  easily 
traced  without  tJic  emplojiiieut  or  staining  agents,  are  in  brief 
as  foltowa :  At  the  i>eno(l  when  the  lociili  of  the  antlicrs  begin 
lis  minute  elevations  at  the  end  of  tlie  stamen,  the  oxternal 
layer  of  cells,  which  is  to  sene  as  epidermis,  is  underlaid  by 


a  group  of  small  cells  which  give  rise  to  the  mother-cells  of  the 
pollen  and  to  the  lining  of  the  anther  itself.  This  group  is 
termed  the  arclicsiwriiim ;  by  division  of  its  inner  layer,  large 
mother-cells  are  drodiiccd  which  divide  to  form  the  |>o1len- 
grains.  The  division  of  a  mother-cell  may  give  rise  to  two,  three, 
or  four  pollen-graine.  and  in  some  cases  more,  according  to  the 


at,    DItUoi]  oT  tba  mMh«r-««tl>  ol  |nllen.   n,  etxXj  itoBs, 

c.  iha  nuolHr  ipliHlla  In  prullle;  •< ,  the  tuni  Hen  Iran  iuaxlmnlljiiir  polo:  r,  ill rMnn 
arUianacInirplatiii/.HpanUnaflriligderiviillTBorilsiiihUi^HKniniU:  p.rarmatUni 
ofthBilariTstlTo  Ianii1aa>n<1  the  cell- pliiW;  h,  tliawnna  of  (lianDoliiu'  Ihreiultln  Ui* 
ilarlntlTS  nnoM:  i.  ImigltiiitlnitluleiwIiHi;  i.noclHt  *|4n<lla,<in  tbe  rlnhl.ln  pnHlle, 
nn  rha  left.  tf<ta  Irneliromltr;  J,  Hpamlon  of  DMHcnjfnu.nn  (ha  Hebt  ftm  In  pro- 
fila,  Oh  Ul0  loft  Ihmj  Iha  exLrcmltj' ;  in,  fOnnmUoB  uf  Kliooall  plaEfla,    lStr»burgBr.> 
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direction  of  the  lines  of  fission.  It  is  possible  to  distingoish 
differences  in  the  mode  of  di\ision  which  are  fkiri}'  charao- 
t(;riHtic  of  Angiosperms  and  Gj'mnosperms,  of  Monocotyledons 
and  Dicotyledons.  Although  the  morpholog>'  of  the  tissues 
involved  and  tiie  course  of  development  are  not  jet  completely 
understood,  it  ma}-  be  said  that  the  formation  of  pollen-grains 
suggests  througliout  the  mode  in  which  the  male  elements  are 
produced  in  tlie  higher  cryptogams. 

(2)  Changes  in  the  Nucleus,  The  following  suggestions  by 
Strasburger  for  demonstrating  the  nuclear  changes  in  pollen- 
grains  can  be  applied  with  few  modifications  to  all  cases  of  cell- 
division  :  Place  tlie  3*oung  part,  in  this  case  a  very  j'oung 
anther,  in  a  solution  of  methyl-green  in  acetic  acid,  and  subject 
it  to  slight  pressure  b}'  which  the  contents  of  the  anther-cells 
will  be  discharged.  Those  parts  susceptible  of  staining  will  take 
the  color  readily  and  the  difl^rcnt  stages  can  be  followed  out  sub- 
stantially as  shown  In  the  figures.  For  the  staining-agent  above 
mentioned  the  following  ma}'  be  substituted,  —  gentian-violet  in 
acetic  acid,  or  nigrosin  with  picric  acid.  Preparations  made  with 
the  latter  can  be  preserved  in  glycerin  without  losing  color. 

Another  and  l)etter  method  is  to  place  sections  of  the  tissue 
which  has  been  kept  for  a  few  daj's  in  absolute  alcohol,  in  an 
alcoholic  solution  of  safranin,  and  afler  twelve  hours  wash  with 
almoiuti^  alcoliol :  then  transfer  them  to  oil  of  origanum  and 
thonce  to  a  thick  Holution  of  Daraar  in  turpentine,  for  mounting. 

Hy  the  safninin  the  delicate  threads  of  the  spindle  are  not 
nui(;h  colored  ;  they  take,  however,  a  good  color  with  haematox}'- 
lin.     Other  combinations  of  coloring  agents  give  good  results.^ 

1001.  (Vli-division  in  plant-hairs.  The  stamen-hairs  of  Tra- 
dcHcantia  Virjjfinica  alfonl  excellent  material  for  this  examina- 
tion. The  last  or  upper  three  cells  while  still  young  arc  capable 
of  (Uvision.  If  the  ver\'  young  hairs  are  transferred  carefull}'  to 
a  slide  on  which  is  a  three  per  cent  solution  of  cane-sugar,  they 
will  continue  the  process  of  cell-division  as  shown  in  Fig.  167. 
If  the  specimen  is  a  good  one,  and  has  not  been  much  injured 
during  its  removal,  it  will  remain  active  for  several  hours. 

All  the  examinations  of  cell-division  require  the  use  of  high 
powers  of  the  microscope,  none  being  better  for  the  pur[)Ose 
thau  the  so-called  homogeneous  immersion  lenses. 

1002.  The  direction  in  which  the  new  cell- wall  is  laid  down  at 
the  |K)int  of  gn)wth  has  been  exhaustively  examined  by  Sachs. 

I  -        TT-^^l^r  -_ I       I     II  L  

^  Das  botanisohe  Practuum,  18S4,  p.  51)8. 
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ftrconling  to  biin,  the  platies  of  the  walls  at  a  point  of  growtb 
may  bu  thus  claaailleil ; '  — 


^^^tlw 


The  relatiani  of  the  pericUiul  >nd  ■DticUn*!  planes  are  illustnital  by 
the  following  coat*  :  — 

(a)  If  the  outline  (in  loDgituiliDal  Bcction)  of  the  growing  point  ia  a  ponb- 
ola,  the  prriclinali  will  imnstitute  a  eystem  of  confocal  pambotaa  of  dinrrenl 
parameter,  the  fociis  of  the  sysliin  Iicinf;  at  the  point  or  intsmection  of  two 
line),  of  which  one  is  the  direction  of  the  axis  and  the  other  of  the  paraniptpr. 
In  this  eaae  ttie  anticlinahi,  being  the  orthogonal  tn^jectoriea  of  the  periclinnl!*, 
coaatitDte  a  ayateni  of  confoeal  parabolas,  the  «xU  and  focus  at  which  coincide 
with  those  of  the  periclinaU. 

(*)  If  the  outline  of  the  growing  point  Is  a  hyperbola,  the  periclinals  will 
ba  conra<:nl  hyperbolas,  with  the  snme  nxii  but  dilTcrcnt  paranii'ter :  the  anti- 
dinaU  will  boconfoclllelli|l8e^  with  the  same  focusand  axis  as  the  pericliniils. 

<(■)  If  the  outline  of  the  ([rawing  point  ia  an  ellipse,  the  periclinals  will  be 
eonforal  elli]i«es  ;  the  anticliuHU  will  be  confocal  hyperbolas"  (Ahstroct  from 

Ft«.  IGT.    TnileacantU  Tlrglnlca.    Procvn  of  cell-dlTMon 
a,  with  •  qnlucent  nuclaOB  In  tbe  tower  cell,  nod  In  the  opper,  o 
lilifU  ludliUon;  A,  nadcns  ihnwlng  a  entm  grnnolar 
nl  of  iho  twUoles.    Tbe  Mrswlnei  thii 
nrcnlMKMaa  at  the  fDlIawIng  pniRti  at 
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1.  PericHnal,  those  which  exhibit  in  longitudinal  Bection 
curves  in  the  same  direction  aa  the  surface. 

2.  Aittidinal,  tliosc  Trliicli  cut  the  surrace  and  the  pericUnal 
walls  at  i-igbt  angles  (forming  a  sjBtem  of  orthogonal  trajecto- 
riea  for  the  perieliiial  walls). 

3.  Radial,  those  which  pass  through  the  axis  of  growth  and 
cut  the  surface  at  right  angles. 

4.  Transoeree,  those  which  cut  both  the  axis  of  growth  and 
tlie  surface  at  right  angles. 

1003.  Oroirth  of  the  reU-wall.  When  the  new  cell  is  formed 
it  undergoes  changes  in  size,  and  often  in  shape  and  thickness. 
If  it  increases  in  size  regularly  at  all  points  of  the  surface,  il 
preserves,  of  course,  its 
ori^nal  shape ;  but  if  its 
growth  ia  irregular  at 
different  points,  great 
modifications  of  form  re- 
sult. Pollen-grains  afford 
instances  of  the  former 
method  of  growtli,  while 
the  latter  is  seen  in  the 
multicellular  organs,  for 
example  stems  and  leaves. 
At  the  growing  points  of 
the  stem  and  leaf  the 
cells  when  first  formed  are 
nearly  alike  in  appear- 
ance ;  Init  wide  differ- 
ences are  soon  presented. 
The  growth  of  a  cell 
in  size  nmy  be  terminal, 
when  it  gives  rise  to 
elongated  forms ;  or  lo- 
'"-"^  calized  nt  a  point,  line, 
"*  or  zone,  when  projections 

»  of  varions  kinds  arc  produced.' 


and  s 


ellim 


ArU-ili-n  .lea  l»iliin.  Inst,  in  Wiimlmrg,  1878,  in  njipciiiiix  to  Text-book,  2d 

TLi-  Ptiid.'iit  hlinulil  also  rend  Rfiths'a  Vorlpanngtn,  1SS2,  pp.  523-557. 
1  Thr'Si?  !i.-iri^  n1n>ni1v  \ieen  HiifliiMpTitly  I'nusidprfil  in  tlip  histological  pa.rt 
to  ngniii  call  attpiition  to  the  minptiitiona 


oniiisvoliinir.aii'li 
of  tlic  ifsiiiUiit  Sinn 


slotliW 
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1004.  Hfaframnent  of  growtli.  In  some  cases  il  is  verj'  easy 
to  make  direct  measurements  of  tbe  atiioimt  of  increase  iu  vol- 
ume ;  but  iu  geueral  it  is  necessary  to  employ  some  form  of  appa- 
ratus by  which  the  amount  can  be  more  or  less  exaggerated  by 
a  mullipHer, 

Several  forms  of  growth- measurers,  or  auxanometers,  liavo 
been  devised  for  attaining  (his  end.  The  simplest  consists  of 
a  flxcd  arc  of  large  radius  (see  Fig.  168).  on  nhiih  a  delicalu 
arm  moves  np  or  down  acconling  to  the  direction  in  which  a 
small  wheel  at  the  centre,  to  which  the  arm  is  attached,  is  moved 
by  the  action  of  a  thread  fastened  to  the  plant.  Care  must  be 
taken  to  balance  the  arm  as  j>erfectly  as  possible,  in  order  to 
prevent  any  strain  on  the  plant  by  tlie  weight  of  the  index. 

This  form  of  apparatus  is  well  adapted  to  demonstratiou  before 
a  class ;  and  if  a  rapidly 
growing  seedling  or  strong 
scape  is  chosen  for  experi- 
ment, the  movement  of  the 
arm  through  tlie  arc  iu  an 
hour  will  be  sulBdent  to  be 
clearly  seen  at  a  considera- 
ble distance.  A  modiflca- 
tion  of  the  apparatus  by 
I'rofessor  Bessey  reduces 
its  cost  to  a  mere  trifle. 
Both  tlie  arc  and  its  sup- 
porting radii  are  made  of 
strong  manila  pa|Krr;  the 
wheel  is  a  common  spool, 
and  the  arm  m.ty  be  a  slen- 
der straight  straw. 

1005.  Beeordlngr  Anxano- 
meten.  For  the  purpose  of 
registering  growth,  several 
applications  of  the  chrono- 
graph have  been  made. 
One  of  the  most  satisfactory  ^^ 
of  these  consists  of  a  slowly 

revolving  cylinder  covered  with  smoked  paper,    upon  which  a 
needle,  attached  to  the  end  of  a  balanced  thread  passing  over  a 

Fli).  in).  Rogiateiini  unuuiomutur.  Th>  Ihnuid  stlncboit  U>  Ihcjilunt  lunManrsr 
ttia  unUI  wlwl  >1  f .  ulid  II  tHOiulwl  bf  ■  mlEliL  Ths  IiuIm  >  Is  InlAMGnl  bjr  tU 
vHgMffi  TbatliniulhetVKiillwmineicivertlMwhHilr.  Tlieojllmler  lunrrlaaionnd 
bj  tlu  olagk-WMlt.  which  )■  rugulalwl  by  Iba  pendaliuB  might  Mp.    [PAilliir.) 
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wheel,  leaves  its  trace  as  it  ascends  or  descends.  The  wheel  is 
caused  to  move  b}'  means  of  a  second  balanced  thread  which 
passes  over  its  axis,  and  which  is  fastened  at  one  end  to  the 
growing  part  of  the  plant. 

1006.  Pfeffer's  modification  of  this  apparatus  provides  that  the 
C3'linder  shall  turn  a  short  distance  at  regular  intervals  of  time, 
so  that  the  line  made  b}'  the  needle  becomes  interrupted  and  thus 
exhibits  the  appearance  of  steps ;  in  which  the  height  of  the  step 
represents  the  total  ascent  or  descent  of  the  needle  during  a 
given  time,  while  the  other  line  of  the  step  merely  marks  the  dis- 
tance through  which  the  cj'linder  moves  at  the  close  of  one  of  its 
intervals. 

1007.  Examples  of  very  rapid  growth  are  afforded  by  many 
fungi ;  for  instance  the  common  puff-ball,  which  increases  enor* 
mousl}'  in  size  during  a  single  night. 

Shoots  of  bamboo  have  been  observed  at  Kew  to  grow  at  the 
rate  of  two  to  three  inches  in  the  twentj^-four  hours ;  and  in  its 
native  habitat,  Bambusa  gigantea  has  been  known  to  grow  more 
than  ten  inches  a  day. 

The  expansion  of  the  leaves  of  Victoria  regia  is  extremely 
rapid,  under  favorable  conditions  reaching  a  foot  in  the  twenty- 
four  hours.  The  scapes  of  many  plants  develop  at  a  rapid  rate, 
and  afford  excellent  material  for  practice  with  the  auxanometer. 

1008.  Conditions  of  growth.  Vegetable  growth  does  not  take 
place  unless  there  is  an  available  supply  of  assimilated  matter, 
access  of  free  oxygen,  and  a  sullloiently  high  temperature.  The 
assimilated  matter  may  be  furnished  to  the  growing  parts  di- 
recth*  from  green  tissues,  or  from  reservoirs  where  it  has  been 
stored  up.  In  either  case  it  must  come  in  a  state  of  solution  to 
tlic  growing  cells,  and  hence  a  certain  amount  of  water  is  re- 
quired for  the  transfer.  That  the  amount  of  water  demanded  is 
not  necessarily  large,  is  shown  by  the  starting  of  shoots  from 
bulbs,  tubers,  etc.,  in  the  spring,  even  when  no  water  has  been 
furnished  from  outside. 

lOOD.  Although  the  process  of  respiration  in  green  plants  may 
go  on  for  a  time  without  free  oxygen,  as  has  been  shown  b}'  the 
experiments  described  on  page  371,  there  is  no  proof  that  growth 
oc(Hirs  under  such  circumstances.  In  an  atmosphere  of  hydrogen, 
nitrogen,  carbonic  acid,  or  nitrous  oxide,  —  gases  which  are  not 
in  themselves  harmful  to  plants, — growth  does  not  take  place, 
as  has  been  proved  by  experiments  upon  seeds  and  seedlings. 
Detmer  has  shown  that  growth  is  immediatel}'  checked  when  the 
plant  is  deprived  of  free  oxygen,  but  death  does  not  ensue  until 
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allor  a  considerable  lime.  During  the  period  of  inactivity  tiie 
plaut  is  ready  to  respond  at  once  to  the  influence  of  oxygOD, 
growth  being  then  immediatelj-  resumed. 

1010.  If  assimilated  matters  and  free  oxygen,  both  essential 
to  growth,  are  abundantly  supplied  to  a  plant  which  is  kept  at 
too  low  a  temperature,  growth  does  not  occur.  The  miuimnni 
limit  for  growth  is  different  for  different  plants,  and  is  not  the 
same  for  all  organs. 

Again,  it  must  be  noted  that  there  is  a  maximum  limit  of  tem- 
perature almvc  whicli  growth  docs  not  take  place,  and  this  limit 
is  also  different  for  different  plants.  Between  the  lower  and 
upper  limits  there  is,  for  the  plants  which  have  been  thus  far 
studied  with  respect  to  the  effect  of  heat  on  growth,  an  optimum 
of  temperature  at  which  growth  is  most  rapid. 

101 1.  BeUlivns  of  ^roYrth  te  temperatore,  Tlie  minimum  Urn- 
perature  required  for  growth  is  generally  much  higher  for  plants 
of  warm  regions  than  for  plants  of  cold 
climates,  and  there  are  wide  differences 
even  among  plants  belonging  to  the  same 
climate.  A  few  of  the  earliest  spring 
plants  begin  their  growth  at  or  very  near 
the  free  zing- point  of  water :  it  is  thought 
by  some  observers  that  growth  may,  in 
a  few  eases,  take  place  even  below  this 
point.  Kjellmann  states  that  the  ma- 
rine algie  at  Spitzbergen  continue  to  de- 
velop their  thallus  during  the  polar  night 
of  three  months,  and  that  most  of  them 
during  this  time  produce  their  spores, 
the  temperature  of  the  sea-water  being 
on  the  average  one  degree  below  zero, 
Centigrade.' 

But,  on  the  other  hand,  many  of  the 
tropical  plants '  cultivated  in  hot-houses 
oease  growing  when  the  temi>erature  falls  below  10"  or  15"  C. 

1012.  The  maximum  Umperature  for  growth  is  as  wide  in  its 
range  for  different  plants  as  the  minimum.     Aside  from  the 


'  Coraptss  Rendus,  Uxi.,  1875,  p.  471.     S«o  also  Ftlksaberg:  Dia  Algan 
a  (Tcitfotea  Sinnc,  ia  Schcnk's  Botaiiik.  ISS2. 
>  3w  De  Cundotle  :  Physiologia  v^gjulo,  1S32. 


In8tanc«fl  of  plants  growing  in  hot  springs,  it  may  be  said  1 
lie  at  or  very  near  50°  C.     The  figures  obtained  by  Sacbs  for  the 
common  plants  he  experimented  upon  are  in  general  between 
86°  and  40"  C.    It  ia  a  curious  fact  that  some  tropical  planta 
are  not  capable  of  bearing  a  higher  temperature  than  a  1 
plants  of  cold  oountries.' 


1013.  77ie  optimum  temperature  for  ffrofctkWea  in  moBt  a 
between  20°  and  36°  C. 

1014.  The  following  table,  compiled  by  Pfcffer,  exhibits  i 
glance  the  cardinal  points  of  temperature  as  they  have 
determined  by  four  observers :  — 


^  Pfeffer  :  PHanienphjaiologie,  iL,  13S1,  j>.  123. 
Fio.  ITl.    AppfttanuforkeeplngaeedUngiin  tconiMiit  temperatare.  Ttwdi 
dbui  DnUnkrythintno-NeiilatorbT  which  the  Bow  DtiUumlnfttUiKgueti 
wllliin  nwrnw  llinlu     To  Ininra  •UIl  greater  contml,  ths  more  Hndtlt^ 
la  alio  «Dplof  ad.    The  ejUndrical  reaMl.  e,  baa  donlila  mils,  tlic  ■pus 
belDg  flUed  villi  watar,    rnilsr  tU>  TOiael  a  tery  imall  bamsr  li  ■olDi 
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lOlo.  Relations  of  growtb  to  light.  It  is  only  under  the  influ- 
ence of  light  that  the  plant  can  [)ropare  from  inorganic  matter 

'  Texl-book,  2<l  Eng.  cd..  p.  830. 

*  Wanue  und  Pflatizensacliglhulu,  1870,  p.  43. 

*  Biliiiotfaiquo  unirersetle  tl.  Gcniivo,  Archivea  de*  Scinnces  pbyaiqiieB, 
zzir.,  18fl5,  p.  243. 

*  UuUriaux  jiuur  la  couaitUunce  d«  rinflucnee  do  )■  temperature  but  les 
plantea.  Archives  N&rlan daises,  v.,  1870.  p.  385. 

K6p|Hiu  lia»  givvD  an  inatrnctire  table  whiuli  exhilnta  the  rclnliona  of 
growth  tn  tcmpenttare  in  a  Tew  coinman  plants.  The  Rgurrs  denote  the  growth 
in  Torly-oight  hours  of  the  whole  deacenJing  axis  if  each  plantlvt. 
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materinls  for  iM  growth  ;  but  irnn  adequate  amount  of  assim 
substance  has  been  elored  up,  growth  can  go  on  in  the  dark  until 
this  store  is  exhausted.  It  is,  in  fact,  in  the  dark  that  nearly 
all  vegetable  growth  takes  place.  It  is  well  known  that  all  the 
points  of  growth  in  the  ordinary  higher  plants  are  more  or  less 
protected  ttoia  the  action  of  light.  Thus,  the  growing  tissues  of 
buds  are  concealed  beneath  externa!  structures ;  so  also  is  the 
cambium  by  which  dicotyledons  increase  in  thickness, 

lOIG.  When,  however,  a  shoot  develops  in  darkness  it  is  apt 
to  become  much  more  attenuated  than  when  it  develojw  in  light : 
its  leaves  are  etiolated,  and  of  abnormal  shape  and  diminished 
size.     Such  shoots  are  said  to  be  "  drawn." 

1017.  There  is  considerable  dilTerence  in  the  degree  to  which 
different  ports  of  plants  are  affected  by  the  withdrawal  of  light, 
and  there  are  also  differences  in  this  respect  between  difierent 
species.     The  effect  of  daikncas  n|)on  shoots  is  well  shown  by 

the  simjilc  experiment 
of  conductinga  hrauch 
of  some  strong  plant 
like  Tropieolum  or  a 
{Tourd  into  a  dark  box, 
!ill  its  other  leaves  be- 
itip:  kopt  in  the  light. 
The  effects  are  more 
Mil  iking  when  the  about 
is  a  flowering  one ; 
llie  iuternodes  will  be- 
t'oiJie  mueh  drawn,  the 
leaves  will  be  small 
jLiiil  blancbi'd,  the  calj-s 
will  bo  pale,  but  the 
rest  of  the  flower  will 
be  hardly  affected 
either  in  shape  or  size. 
It  sometimes  happena, 
however,  that  the  flow- 
ers will  bo  abnormal. 

1018.  The  relations  of  growtli  to  oxygen.  All  growth  is  accom- 
panied by  the  oxidatjon  of  assimilated  substance,  or  food.  Can 
growth  be  stimulated  by  furnishing  to  the  plant  a  larger  amount 
of  oxygen  than  it  would  obtain  under  natural  conditions?     This 
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qaestion  is  not  yet  positively  answered  by  any  experimGnts.  It 
has  been  shown  that  somo  plants  grow,  for  a  time  at  least,  more 
ra[»i(ily  when  tbey  aie  subjected  to  a  alight  increase  of  pressure  of 
the  atmosphere  by  which  they  are  surrouDd'eil ;  but  thei-o  are  also 
a  few  cases  which  indicate  that  some  other  plants  may  grow  more 
rapidly  under  a  c\jmiDi3hed  pressure. 

The  ■'  resting'*  state  of  some  plants  cannot  be  shortened  by 
any  increase  in  the  amount  of  oxygea  fUmished ;  it  is  only  after 
the  normal  time  of  rest  has  ended  that  any  growth  begins. 
When  periotla  of  rest  cannot  be  disturbed  by  any  ordinary  change 
in  the  surroundings,  they  may  bo  held  to  be  conservative,  since 
they  ore  generally  correlated  with  the  climatic  conditions  of 
peril  trom  cold  or  from  dryness,  under  which  these  plants 
naturally  live.' 

1019.  Periodical  cluuiKes  in  the  rate  of  growtli.  Even  under 
external  conditions  which  are  as  nearly  constant  as  possible 
growth  is  not  quite  uoiforiu  iu  its  rate.  Thus,  an  extending 
intemode  grows  in  length  at  first  slowly,  then  with  gradually 
Bcceleratiug  rapidity  until  a  maximum  of  growth  is  reached, 
from  which  point  the  rale  declines  until  with  maturity  of  the  part 
growth  ceases.  The  line  of  growth,  when  given  graphicallj',  is 
a  curve  known  as  the  great  curve  of  growth ;  and  the  period  of 
rise  and  decline  is  the  grand  period,  to  distinguish  this  from  the 
minor  ]>eriods  of  accelerated  growth,  which  appeal'  on  the  curve 
as  small  fluctuations. 

1 020.  Proi»ertIes  of  new  eelk  and  tlssnes.  Newly  formed  cells 
are  generally  characterized  by  the  possession  of  a  certain  amount 
of  turgidity  ;  the  young  cell-wall  exerting  more  or  less  resistance 
to  the  expansive  contents  within.  The  contents  ara  theR'fore 
compressed  to  some  degree  by  the  conflning  wall;  the  action 
and  reaction  varying,  ofcourse,  with  changes  in  the  surroundings. 
If  a  part  of  its  water  be  withdrawn  from  the  cell,  the  com- 
pression is  materially  lessened :  while,  on  the  other  hand,  aa 
increase  in  the  amount  of  water  must  augment  it. 

1021.  These  features  have  been  recently  re-examined  by  De 
Vries,  who  has  suggested  a  quantitative  method  for  determining 
the  amount  of  turgidity  at  any  given  time.  The  method,  when 
reduced  to  its  siniplest  terms,  consists  in  the  use  of  solutions  of 


'  For  u  wry  curiona  Bccoiint  of  cxprrimcnU  upon  LIib  inflaeni^  nf  electricity 
npon  (^wth,  tbe  atudnit  flhoulil  tea  Ontmleau :  Ds  rinfliieni^e  de  I'^lfotridU 
■tmoeiih^riqDe  Hur  U  Dutritioii  dra  yigittax,  Anaales  de  Chimie  et  da  Fby- 
siquo,  ail.  5,  tome  xri..  ISTB,  p.  115. 


890  VEGETABLE  GBOWTH. 

salts  of  known  strength  in  which  the  tissues  are  placed,  and 
which  are  then  allowed  to  act  upon  the  contents  of  the  cells. 
When  the  solutions  are  more  dense  than  tlie  fluids  in  the  cavity 
of  the  cell,  an  exosmotic  action  withdraws  a  certain  amount 
of  the  water  from  the  cell,  causing  thereby*  a  shrinking  of  its 
contents  which  can  be  easily  obsen-ed  under  the  microscope,  or 
noted  by  curvature  of  the  whole  section.  The  method  permits 
the  experimenter  to  ascertain  within  narrow  limits  the  density 
of  the  contents  of  a  given  cell,  and  to  determine  the  relative 
degree  of  turgidity  in  different  cases.  WHien  a  cell  undei^goes 
no  change  of  form  upon  being  placed  in  a  solution  of  a  given 
strength,  that  solution  is  taken  as  a  measure  of  the  density  of 
its  contents.* 

1022.  Tensions  in  cell- wall.  There  may  fVequentl}'  be  observed 
a  tension  of  different  layers  of  the  cell-wall.  This  can  be  easily 
demonstrated  by  making  thin  sections  of  any  succulent  tissues 
from  which  cells  can  be  readil}'  detached ;  a  curvature  will  be 
detected  at  the  moment  of  cutting. 

1023.  Young  cell- walls  are  elastic  to  a  certain  extent;  but 
their  limit  of  elasticity  is  easily  exceeded,  and  then  they  remain 
in  the  stretched  condition.  When  an  internode  is  strongly 
stretched  in  the  direction  of  its  length,  it  undergoes  peimanent 
elongation.  This  elongation  ma}'  amount  in  some  cases  to  three 
or  even  five  per  cent ;  whereas  the  tcmporar}'  extension  in  the 
same  instances  may  range  from  seven  to  seventeen  per  cent. 
Tlie  cxtensibilit\'  diniiiiishes,  while  the  elasticity  increases,  with 
the  age  of  the  internode. 

1024.  From  his  experiments  Sachs  draws  the  following  con- 
clusions regarding  growing  intornodes :  (1)  Afler  flexion  they 
do  not  completely  recover  their  straiglitness ;  (2)  one  vigorous 
bendin<^,  and  to  a  still  greater  extent  repeated  ones  in  opposite 
directions,  leave  the  internode  flaccid,  or  deprive  it  of  it^  rigid- 
it}'  ;  (3)  when  growing  internoiles  are  sharply  struck,  there  is 
a  sudden  curvature,  the  concavitv  of  which  lies  towards  the 
direction  of  the  blow.^ 

1025.  Tension  of  tissues,  lender  the  ordinarv  circumstances 
of  gi'owth  walls  of  young  cells  continue  to  be  somewhat  elastic 


1  Plasiiwhjsis.  For  a  full  account  of  tlic  quantitative  action  of  numerous 
plasmolytic  agents  the  student  should  consult  I)e  Vries's  jwpor  in  Pringsheim's 
JahrbiicluT  for  1884,  where  the  eff«'<:t  of  }K)tassic  nitrate  and  other  sulistances 
upon  the  protoplasmic  film  is  detailed  at  length.  In  the  Laboratory  at  Cam- 
bridge, Mr.  Puffer  has  confirmed  most  of  Dc  Vries's  observations. 

2  Sachs  :  Text-book,  2d  Eng.  ed.,  1882,  pp.  784-788. 
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anJ  beace  eshibit  distinct  tcnsioDS.  If  tliere  is  a  marked  dif- 
fereuce  io  the  rate  of  gi-owtli  between  the  internal  and  the  ex- 
ternal cells  in  any  organ,  as  is  the  case  in  moat  young  steins, 
the  more  superficial  tissues  are  stretched  to  some  extent  by  the 
iatemal  ones ;  hence  arise  tensions  of  tissues,  llic  oi^an  in 
this  state  being  in  a  balanced  condition,  in  which  the  equiUbrium 
can  be  disturbed  by  slight  external  or  internal  causes.  The 
following  experiment  exhibits  the  phenomenon  of  tension  very 
etrikingly :  From  a  long  and  thrifty  young  intcrnode  of  grape- 
viut^  cut  a  piece  which  shall  measure  exactly  one  hundred  units, 
for  instance,  millimeters.  From  this  section,  which  measures 
exactly  one  linndrcd  millimeters,  carefully  separate  the  epi- 
dermal structures  in  strips,  and  place  the  strips  at  once  under 
an  inverted  glass  to  prevent  drying ;  nest,  separate  the  pith  In 
a  single  unbi-oken  piece  wholly  freed  from  the  ligneous  tissne. 
Finally,  rcmeasure  the  isolated  portions,  and  compare  with  the 
original  measure  of  the  interno<le.  There  will  be  found  an 
appreciable  shortening  of  the  epidermal  tiasues  and  a  marked 
increase  in  length  of  the  pith.'  The  young  ligneous  tissue  ia 
generally  shortened  by  its  release,  but  this  result  is  by  no 
means  constant.  The  most  astonishing  feature  is  the  great 
difference  which  exists  between  the  length  of  the  external  tis- 
sues and  that  of  the  internal  tissues  which  up  to  the  period 
of  isolation  they  had  compressed.  The  external  parts  had  been 
plainly  stretched  lo  a  certain  extent,  while  the  internal  had 
been  as  obviously  conQned  by  them.  The  tensions  arc  not  only 
in  the  direction  of  the  length,  but  arc  also  tiansverse.  Similar 
tensions  are  to  be  found  also  in  foliar  organs.     But  there  ore 


'  The  fallawing  table  exiiibita  thv  remarkable  dilTsrences  in  tcniion  be- 
tween tlie  outer  and  the  inner  jmrts  of  jaung  shoots  of  Nicotiaun  Tabacam. 
Each  internode  i>  lii^t  cut  squarely  olT  «t  botli  endi,  and  Ibai  earcfutljr  sliced 
lengthnUe  so  as  to  separate  Iha  Imrll,  wood,  and  pith  from  eaoh  other.  Sup- 
posing the  length  oC  the  whole  intemodc  to  be  one  hundred  nniM,  the  length 
or  the  eortex  will  fall  ahart  of  this,  while  that  of  the  pith  will  ooniiderably 
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some  ports,  as  for  example  moat  roots  near  their  extremil 
which  do  not  exLibit  this  phenomenon. 

1026.  Geotroplsm.  Suppose  a  young  ahoot  to  possess  the 
eion  already  described ;  kt  tliis  l>c  placed,  wbile  growiog,  in 
horizontal  [Tosition.  In  consequence  of  its  position  the  notri' 
ent  fluids  will,  Oom  the  force  of  grantation,  li&Te  a  tendency 
to  collect  in  greater  amount  in  the  cells  upon  its  nndcr  side. 
Their  presence  on  ttiat  side  will  not  only  cause  an  increase 
of  turgescence  there,  hut  will  ofltr  to  the  growing  cells  a  larger 
amount  of  available    material    for   immediate   use    in   growth. 


eapccially  for  htying  down  the  cell-walj.     From  one  or  fh)a.| 
both  of  these  causes  there  will  tlierefore  he  an  appreciable  elo 
gation  of  the  tissues  on  the  under  side,  and  hence  a  curving  a 
wards  will  occur,  which  finally  results  in  the  assumption  of  t' 
erect  position  by  the  organ  in  question. 

1027.  If,  on  the  other  hand,  the  organ  possesses  little  or  no 
tension,  it  is  conceivable  that  the  growtli  would  result  in  a  cur- 
vature of  the  extremity  towards  the  ground ;  this  is  seen  in  the 
case  of  roots.  The  same  factors  produce  an  upwai-d  curvature 
where  there  ia  marked  tensiou  of  tissues,  and  iteruit  a  down- 
ward cun-aturc  where  there  is  little  or  no  tension.  It  is  a  sig- 
nificant fact  that  in  tlic  case  of  certain  branches  ft'om  roots  the 
direction  ol'  growth  is  oblique. 

102R.  Organs  which  turn  towards  the  earth  arc  termed  | 
tropic;  those  which  turn  upwnnlsnrea/io^cofropi'c/  those  whi 
pursue  in  their  growth  oblique  directions  have  been  t«ni 
diaffeotri^'ic. 

1029.   Heliotroplsm.     It  can  be  shown  by  exact  measure 
that  in  many  cases  light,  esj>eeially  the  more  refrangible  part  <f 
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the  spectrum,  has  a  rotardiug  ctTect  upon  Ihc  growth  or  certain 
parts,  —  for  instance,  upon  that  of  shoots,  —  exhibiting  itsctf 
in  the  curvature  of  the  part  lowartls  the  side  of  greatest  illu- 
mination. Such  curvatures  arc  said  to  be  hfliofropic.  It  is. 
however,  well  known  that  the  shoots  and  some  other  parts  of 
a  few  plants  turn  away  from  the  light  ;  such  are  termed 
apheliotrop  ic .  ^ 

1U30.  Little  is  known  positively  as  to  the  nature  of  the  influ- 
ence which  light  exerts  upon  growth.  The  studies  of  Vines 
have  shown  that  the  inHuence  is  largely  due  to  the  modification 
ofthetui^escence  of  growing  cells.  "The  conditions  of  growing 
and  of  contractile  cells  are  in  some  respects  the  same.  Turgidity 
is  essential  to  the  proper  fulfilment  of  the  functions  of  both,  and 
it  has  been  shown  that  light  has  the  power  of  inhibiting,  more  or 
less  completely,  the  ftcti%ity  of  both.  The  moat  general  case  of 
the  action  of  light  upon  growing  cells  has  been  shown  to  be  a 
diminution  in  the  rapidity  of  their  growth.  The  cell  with  dimin- 
ished or  arrested  growth  may  be  fairly  compared  with  one  of  the 
cells  of  a  rigid  motile  organ.  In  both,  the  micellie  of  the  pro- 
toplasm are  in  a  stat«  of  stable  equilibrium  so  that  they  do  not 
yield,  iu  the  former  case  to  the  force  which  tends  to  separate 
tliem,  namely,  the  pressure  of  the  cell  contents,  and  in  the  latter 
to  the  force  which  tends  to  bring  them  nearer  together.  The 
theory  that  the  action  of  light  upon  growing  cells  and  upon  those 
of  motile  organs  is  due  to  such  a  modification  of  tlio  relations 
existing  between  the  micellie  of  the  protoplasm  that  the  mobility 
of  the  micellie  is  diminished,  thus  gives  a  satisfactor}-  explana- 
tion of  many  phenomena  which  at  first  sight  seem  not  to  have 
much  in  common."' 

1031.  HjdrotropiBm.  It  has  been  shown  by  several  experi- 
menters that  rootlets  when  developing  in  moist  air  deviate 
towards  a  moist  surface.  This  phenomenon,  which  has  been 
examiued  in  detail  by  Sachs,  is  termed  Hydrotropism .    The 


L 


)  In  nrder  to  pitamjne  Che  elTvcU  of  Ibe  diflrmit  parts  of  the  epwlrom  npon 
tbc  KTowtli  and  iDovenients  of  pluiu,  the  student  should  cuttiTate  in  uauva  uf 
gUss  of  ilifferent  oolora  two  or  three  gecJIiiigs,  m  niniij-  buibouB  pinats,  nnd 
Mime  wsU-rooted  cuttingn  of  hardy  house-pUats,  for  inalnnee  pplurgoQium. 
Obaerre  whether  the  growth  is  more  or  l««s  rapid  under  blue  k'**^  ■"''  ""^ 
whethur  all  the  leedlings  circum nutate  in  the  same  mutioer  in  the  dilTprent 
eax'-A.  It  ahoulil  bo  bortic  la  mind  thnt  the  bulbous  plant  lu  it  starts  hu 
gKDeraoi  siigiply  of  nrulilile  rood,  whereas  tbe  seedling  has  a  more  scauty  store, 
and  the  nittiutt  my  littlv. 

»  Arbeiton  des  bot.  Inst  in  Wflriburg.  1878,  p.  1*7. 
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AccompaDying  figure  showa  an  easy  method  of  demoDBtratliig 
this  mode  of  governing  the  direction  of  growing  roots. 


1033.  Thermotropism.  As  might  be  expected  from  what  has 
bucii  snid  regarding  the  tunsioiis  of  tissues  nnd  ttie  facility  n-ith 
wliich  tlu'ir  balance  is  disturbed,  tlie  effect  of  warmth  in  govern- 
ing tlic  direction  of  a  growing  oi^an  must  be  considerable.  Cur- 
vatures dependent  upon  tcm|)oraturo  arc  called  thermotropic. 

lO.'lS.  Assnmptlon  of  definite  form  during  growtli  depends,  of 
course,  chiefly  iijwn  inherited  tendencies ;  but  there  have  been 
experiments  which  show  that  to  a  slight  extent  it  may  be  pos- 
sible by  external  influences  to  induce  special  shapes  of  growing 
structures.  Among  the  most  interesting  of  these  are  the  experi- 
ments by  Pfeffcr '  upon  the  growth  of  bilateral  organs  in  some 
of  the  lower  plants,  especially  Marchantia ;  by  Dc  Vries  *  upon 

'  Arbritcn  il™  bot.  Inst,  in  WiirzliiKi?,  1871,  ]>.  77. 

3  Arbpitt'ii  dps  Imt.  Inat.  hi  Wiiralmrg,  1872,  |i.  223. 
FlO.  174.    Rootf  nf  Meiillngs  aflbcted  by  roolitiiro  during  llieir  ilencent.    The  »p- 
psratiin  conaliu  of  a  network  tyatoe  filled  Kltb  moltt  wiwdiut  In  which  the  Medllngt 
garmiuste.   (Sach*,) 
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bilateral  Bymmctrj';    by  Vucliting'  upon   the   modification   of  J 
foliar  anil  axiut  oi^ans. 

1034.  The  amonnt  «r  Force  which  is  exerted  by  certain  organs  I 
during  their  giowth  hna  been  accurately  measured  for  only  a  few  1 
cases.    Time  Darwiu '  found  that  the  transverse  growth  of  tlie  1 
radicle  of  a  gcnninating  bcun  was  able  to  displace  a  weight  of  1 
1,500  grama,  or  3  lbs.  4  oz.,  and  in  another  instance,  8  lbs.  8  oz. 
"  With  those  facts  liofore  ns,  there  seems  little  dillii:iilty  in  under- 
standing how  a  radicle    penetrates  the  groimd.     The  apex  is 
pointed,  and  is  protected  by  the  root-cap ;  the  terminal  gi-owing 
point  is  rigi<U  and  increases  in  length  with  a  force  equal,  ; 
SB  our  observations  can  be  trusted,  to  the  prcssnre  of  at  least  &  i 
quarter  of  a  pound,  probably  with  a  much  greater  force  when  J 
prevented  from  bending  to  any  side  by  the  surrounding  earth.  I 
Whilst  thus  increasing  in  lengtb  it  increases  in  thickiicss,  push-  | 
ing  away  the  damp  earth  on  all  sides,  with  a  force  of  above  I 
eight  pounds  in  one  case,  of  three  pounds  in  another  case. 
.  .  .  The  growing  part  does  not  therefore  act  like  a  noil  when  | 
hammered  into  a  board,  but  more  like  a  wedge  of  wood,  which, 
whilst  slowly  driven  into  a  cTCvicc,  conlinimlly  expands  at  the    i 
same  time  by  the  absorption  of  water  ;  and  a  wedge  thus  acting 
will  split  even  a  mass  of  rock." 

By  means  of  a  framework  placed  around  tlie  fruit  of  a  vigor- 
ous squash  kept  uudcr  conditions  most  favorable  to  its  rapid 
development.  Clark'  estimated  the  force  exerted  by  growth  to 
be  about  5.000  jiounds. 

103.^.  That  external  pressure  can  retard  gi'owth  is  well  shown 
by  tlic  exi>erimcuts  of  De  Vries'  upon  the  formation  of  autumn 
wood  (see  page  138).  By  increasing  the  external  pressure  es- 
ert^'d  by  the  bark  he  was  able  to  diminish  the  calibre  of  the 
wood-eelU  and  ducts ;  whereas,  by  diminishing  the  pressure  (by 
making  longitudinal   incisions  into  the  bark)  he  was  able  to 

■  Botnnische  Zcitiiug,  ISSO,  p.  593. 

»  The  Power  of  Movement  in  Pliuite,  1881,  p.  76. 

I  For  ft  full  account  ot  thb  fiperiment,  sm  Report  of  the  SeereUrjr  oT  the 
Mouachuiietts  BoBi'd  of  Af^cultiire  for  1S74. 

The  greit  force  exerted  ly  the  increase  in  liie  of  thv  ittnns  and  roots  of 
mtoAy  plants  it  satnetinie»  ticmonsttated  in  nn  vxtraordinnr^  nuiiiinr  b;  the 
darclopnient  ot  »edlingB  in  rreTices.  Tliiu,  at  the  Miiriun  CeinelBry  in 
Hsnurer,  Gennuiy,  tht  hue  of  a  trei;  has  dislodged  the  hoaTf  itonps  of  • 
Btrunj;!;  built  totnb.  Cue  of  Ihe  stones  vbich  mNuores  S3  X  IS  X  Ml  inches, 
has  K-eu  lifted  upon  one  aide  to  the  beighl  of  five  Jncbes.  Tliu 
jii*t  Hbove  its  base  from  tan  to  foorlnm  inches  iu  diamster. 

*  Plan,  1872.  p.  2t1. 
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cause  a  considerable  enlargement  of  the  similar  elements.  Fur- 
ther observations  led  him  to  the  conclusion  that  the  striking 
differences  between  spring  and  autumn  wood,  upon  which  the 
annual  rings  depend,  are  due  to  the  greater  pressure  which  is 
cxei*ted  by  the  bark  in  the  latter  part  of  the  summer. 


CHAPTER  Xlir. 


MOVEMENTS. 


1086.  Most  of  the  movements  exbibited  bj  plants  nre  asao-  | 
"dated  with  growth.  In  the  preceding  chapter  attention  liaa  , 
been  called  to  9ome  of  these  movements,  especially  those  whicit  I 
are  eharacterized  by  a  change  in  the  direction  of  growingf 
parts  (see  Geotropisra,  Heliotropism.  etc.).  la  the  present 
chapter  it  is  pro[)oscd  to  examine  cDntinuous  and  recurrent 
movements,  and  indicate  to  what  extent  these  are  likewise  the 
accompaniment  of  growth. 

In  ttie  existing  state  of  knowledge  no  satisfactory'  classiBca- 
tton  of  the  movements  of  plants  can  be  ma<le.  The  provisional 
one  now  to  be  followed  is  adopted  only  for  convenience. 

1037.  Locomotion,  or  movement  of  the  whole  organism  from 
place  to  place,  can  be  observed  in  some  of  the  lower  plants. 
One  of  the  most  interesting  examples  is  fnrnished  by  iEthnlium 
septicum,  which  at  certain  stages  of  its  existence  consists  of 
approximately  pure  protoplasm  in  a  naked  state.  Under  favor- 
able conditions  this  naked  mass  (the  plasmodinm),  which  fre- 
qnently  attains  considerable  size,  passes  in  a  creeping  manner 
over  a  moist  surface,  thrusting  out  processes  in  an  apparently 
irregular  manner,  sometimes  retracting  them,  but  move  often 
bringing  up  to  the  advanced  part  t|ie  rest  of  the  nueven  mass. 

The  sensitiveness  of  this  mass  to  the  actiou  of  external  influ- 
ences renders  it  a  suitable  object  for  the  examination  of  the 
essential  properties  of  protoplasm,  and  many  of  the  more  im- 
portant facta  relative  to  its  movement  have  therefore  ali-eady 
been  given  (see  550).  It  is  important  to  notice  particularly  that 
there  is  a  rhythmical  pulsation  of  the  sap-cavities  or  vacuoles  in 
the  Plasmodium,  dependent,  it  is  supposed,  upon  the  irregular 
absorption  of  water  with  a  varying  imbibition  power.  This  spon- 
taneous pulsation  is  somewhat  aflfected  by  external  conditions ; 
for  instance,  it  is  increased  in  rate  by  heat  and  diminished  by 
cold. 

1038,  Portions  of  protoplasmic  matter  concerned  in  the  repro-  ■ 
ion  of  many  of  the  lower  plants,  especially  those  which  I 
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livu  wholly  io  the  water,  as  the  alg^,  have  the  power  of  inde-  J 
pendeat  locomotioD.  This  is  exhibited  strikingly  iu  the  motJla  J 
spores,  which  are  provided  with  cilia,  and  can  thereby  propel  1 
tbeniselvcs  from  place  to  place  with  considerable  rapidity.  Sim-  I 
ilar  independent  motion  is  shown  also  by  the  antherozoids  <^'m 
many  of  the  lower  and  even  some  of  the  higher  cr^pl^ams. 

The    protoplasm ii;    movement   by  which  such    locomotion  i 
secured  is  essentially  identical  with  certain  eiliaiy  movements  I 
Dbser^-Gd  in  the  animal  kingdom. 

1039.    It  is  a  familiar  fact  that  Home  minute  algte,  furnished  I 
either  with  walls  of  cellulose  (Desmids)  or  cellulose  impregnated  V 
with  silidc  acid  (Diatoms).  [XMsess  the  poirer  of  motion,  but! 
the  <;auBe  is  not  well  undei'stood.    In  the  ease  of  the  skiff-sbaped  I 
diatom  the  motion  is  somewhat  spasmodic,  and  the  course  of  I 
the  oi^anism  through  the  water  is  not  in  a  straight  line,  but  itl 
is  nevertheless  enabled  to  traverse  a  considerable  distance  ii 
short  time.     Owing  to  the  absence  of  any  distinct  cilia,  it  ial 
difflcult  to  con«n\c  the  mechanism  of  propubion.     According  to  | 
Max  Schultzc  there  is  a  minute  slit  onM 
the  under  side  of  the  motile  diatoms,  and'l 
through  this  slit  a  delicate  film  of  proto-l 
plasmic  matter  projects.     By  contact  of^ 
this  motile  film  with  surroundmg  objecta,  I 
the  diatom,   as  it  is  supported    in   the  | 
watt'r,  is  transported  from  place  to  place. 
These  three  cases  of  locomotion,  name- 
ly, of  (1)  naked  protoplasm,  (2)  of  ciliat«d 
structures,  (3)  of  apparently  closed  cells, 
do  not  exhaust  the  list  of  instances  ofj 
motion.of  vegetable  organisms  from  plftoeV 
to  place ;  other  cases  arc  referred  to  the  ' 
succeeding  volume  niwn  the  lower  plants. 
1040.  The  morement  of  protoplasm  vltk* 
in  cell-walls  bos  already  been  sufBciently 
examined  (see  546) ;  but  attention  shouldJ 
now  be  called  to  the  fact  that  chlorophyll^ 
granules  (which  are  always  embedded  i 
the  pi-ot()plasmic  mass)  frequently  a 
at  night,  or  when  a  portion  of  the  leaf  il 
darkened,  jxisitions  different  from  thofl 
which  they  have  during  strong  exposure  to  light.     This  c' 

Pia.  110.    Clicolatlan  or  proloplMm  InhalrorOonnl.    (Saet 
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of  position  is  well  observed  in  the  thin  leaves  of  some  mosses,  the 
grains  generally  (1 )  gathering  on  the  aide  walla  under  bright  light, 
but  (2)  occupjing  the  upper  and  lower  faces  of  the  cells  when 
the  intensity  of  the  light  ia  mucb  diminished.  The  first  mode 
of  arrangement  is  termed  apostrophe,  the  second  epistrop/ie.^ 

1041.  HT^rosGopic  movemente  are  dependent  upon  the  property 
possessed  by  dr}'  vegetable  tissues  of  swelling  more  or  less  under 
the  influence  of  moisture.  They  are  most  strikingly  exhibited  in 
the  case  of  simple  ports,  Vike  the  Qlnmentous  appendages  of  the 
spores  of  Equisetum  and  the  teeth  of  the  peristome  of  certiuu 
mosses,  notably  that  of  Funaria  bygromctrien.  They  arc  also 
seen  in  the  long  appendages  of 
many  fruits ;  for  example,  in 
the  awns  of  some  grasses,  in 
some  Geruniacea;,  etc.,  where 
they  serve  the  useful  purpose  of 
fastening  the  fhiit  with  its  en- 
closed seed  in  favorable  soil. 
When  the  fruit  falls  upon  moist 
soil,  it  at  first  lies  flat;  later, 
the  extremity  of  the  appendage 
and  the  tip  of  the  fruit  form 
fixed  points  in  the  ground ;  and 
then,  08  moisture  is  absorbed 
by  the  drj-  tissue,  a  spiral  cui-va- 
ture  throughout  the  whole  takes 
place.  This  continues  to  twist 
the  tip  of  the  fruit  down  into 
the  soil,  much  after  the  fashion 
of  ft  corkscrew.  This  kind  of  movement  is  most  surprisingly 
shown  in  some  of  the  grosses  of  South  America. 

In  not  a  few  instances  the  whole  plant  becomes  relatively  dry, 
rolling  up  into  n  roundish  mass  which  becomes  expanded  again 
npon  access  of  water.  Good  examples  of  such  action  ore  afforded 
by  the  so-called  Resurrection  plant  of  California  (Selaginella 


'  lit  aotoe  caaei  ihe  Bgi^gHtion  of  the  chlorophjll  grauules  diflera  somewhat 
from  that  dravribed  in  the  text.  For  ti  dis'iusioa  of  thii  subject,  consult 
Frank  (Botamscbe  Zeitung,  1871,  and  Fringaheim's  Johrhiicher,  riii.,  1872], 
also  StabI  (BotiuiUcbe  Zettiing,  1880).  Socha,  PrilUeui,  and  Famintzin  have 
contributeil  much  to  the  discussion. 

Pio.  in.  Craaa-aecHoallLTDUKhUMleatofLamiiatrlicnla.ihawiaellio  pnrithm  at 
tbo  ridaropbrll  gnnuica:  A,  during  tlia  <lB7i  B,  during  uptnura  to  tttang  Ugbt)  C, 
dnring  the  alglit.    (StahL) 
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lepidopfaylla) ,  and  by  the  Oriental  plant  known  as  the  Rose 
Jericlio.  In  both  these  cases  the  dry  plant,  nhieh  lias  shrDiiken 
into  a  small  compass  and  lias  taken  the  shape  of  an  irregular  ball, 
iiiay  become  detached  from  the  ground  where  it  has  grown,  and 
bo  blown  about  over  great  distances ;  if  it  has  ripe  spores  or 
eeeda,  these  are  scattered  during  the  tninsiL 

1042.  HOTements  due  to  changex  in  Htructnre  daring  rlpeulflc 
of  fruits.     The  fruit  of  the  common  Impaticns,  or  Toucb-me- 
uoL,  aflbrds  a  familiar  instance  of  the  movements  of  this  class. 
As  it  approaches  maturity,  the  valves  of  tlie  capsule  become 
tense,  cact  one,  so  to  speak,  holding  tlie  others  in  place 
when  they  are  distuibed  by  even  a  slight  touch  they  se] 
violently,  and  by  their  spring  throw  the  seeds  to  consideral 
distances.     In  some  cases  the  mechanism  ia  more  elabor&l 
notably  in  the  cucumber-like  fruit  of  Slomordica  EJaterium, 
this  the  separation  of  the  fruitrstalk  permits  a  sudden  shrinking 
of  the  whole  pericarp  and  a  violent  esca|te  of  the  seeds  with  a 
viscid  liquid  through  the  opening  made  by  the  separation.     ""' 
seeds  are  projected  considerable  distances  from  the  f^nit. 

Hildebrond'  distinguishes  between   (1)  dry  explosive 
(such  as  Violet,  Witch-Ilazel,   and  Lupinus  liiteus),   and   (! 
fleshy   explosive    fruits    (such   as   Impatieiis,    Momordica, 
Cardamine  hirsuta). 

1043.  HeToMiiK  moTements,  or  ClrcDmnntatton.  Thetipsof; 
joung  growing  parts  of  the  higher  plants,  as  well  as  the  tipe 
many  of  the  lower,  revolve  through  some  orbit,  either  a  circle 
some  form  of  the  ellipse,  the  latter  sometimes  being  so  ni 
that  it  becomes  practically  a  straight  line.  During  its  revo- 
lution a  tip  bows  or  nods  successively  to  ail  points  of  tbe 
compass;  whence  the  name  nutation,  or,  as  termed  by  Sachs, 
revolving  nutation.  Danrin,  who  re-examinetl  the  whole  subject, 
has  suggested  a  more  general  term,  namely,  circumnutation. 

"  Circum nutation  depends  on  one  side  of  an  organ  growing 
quickest    (probably    preceded    by   inci'cascd   turgescence) ,    and 
then  another  side,  generally  almost  the  opposite  one,  groi 
quickest."  ' 

1044.  Owing  to  the  fnct  that  there  are  numerous  instances 
which  the  revolving  movements  are  variously  modified,  that 
"  a  movement  already  in  progress  is  temporarily  increased 

1  Priagaheim's  Jahrbiicber,  ix.,  1873,   p.  S3fi,  where  tbe  wliole  «nl|j«etli 
I  iiitoreHtind  manner. 
Darwin  :  Power  of  Movement  in  rianta,  1880,  p.  99. 
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some  one  direction  and  temporarily  diminUbcd  or  nrreated  in 
other  directious,"  it  has  been  found  convenient  to  dlscriminnte 
between  circumnutalion  and  modified  circumnutation.  Darwia 
divides  tbe  latter  into  two  claeaes  of  movements :  (1)  tlioae 
dependent  on  innate  or  constitutional  causes,  and  independent 
of  external  conditions,  except  that  the  proper  ones  for  growth 
must  be  present ;  (2)  those  in  which  the  modification  depends 
to  a  large  extent  on  external  agencies,  such  as  tbe  daily  alter* 
nations  oflight  and  darkness,  light  alone,  temperature,  or  the 
action  of  gra\'ity.  It  is  pkin  that  such  a  division  cannot  be  ab- 
solute ;  in  fact,  numerous  intermediate  cases  are  knuwn  to  exist. 


1015.  Methods  of  obserration  of  circnmnntJitioti.  For  mea»* 
nring  the  rate  and  determining  the  exact  direction  of  the  move- 
ments of  circum nutating  parts  when  tbe  parts  are  small  and 
tbe  movements  slight,  the  following  methods  described  by  Dar- 
win' cfln  be  employed  in  nearly  all  coses  where  it  is  necessaiy 
to  magnify  the  amount  of  displacement. 


'  roR-er  of  Mov 


n  Plants,  ISSO,  p.  f! 
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Fro.  171.    AukuIu-  nmnniienln  at  »  iMtItt  of  ATRiboa  bDlmtil  ilnrtng  )ti  CTanlng 
detmnl.  whwi  solng  to  ilocp.    Temp  T»-«I°  F.    The  anllnatet  Kliretent  the  Kni^at 

retiroKnU  ui  actual  drnppln)-  of  ihe  le*r.  aoil  [be  ten  line  repmeiitr  a  Tertloallr 
detKDilenC  poalllan.  Koch  oecUlatioa  conBliti  of  a  grailual  rlM  fullowad  bj  a  luddai 
tkll.    IDarvlD.l 
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A  very  slender  filament  of  glass,  made  by  drawing  ont  a  thin 
glass  tube  until  it  is  no  larger  than  a  hair,  is  to  be  affixed  to  the 
tip  of  the  root,  stem,  or  leaf  under  observation ;  this  is  easily 
done  by  means  of  a  quickly  drying  varnish,  for  instance  shellac 
dissolved  in  alcohot.  In  order  to  mark  the  path  made  by  the 
filament  it  is  best  to  eement  to  the  tip  of  the  slender  hair  of 
glass  a  very  minute  bead  of  black  sealing-wax,  "  behind  which 
a  bit  of  card  with  a  black  dot  is  fixed  to  a  stick  driven  into  the 
ground.  The  bead  and  the  dot  on  the  card  are  viewed  tbrongh 
the  horizontal  or  vertical  glass  plate  (according  to  the  position  of 
the  object),  and  when  one  exactly  covers  the  other,  a  dot  is  made 
on  the  glass  plate  with  a  sharply  pouit«d  stick  dipped  in  thick  In- 
dia ink.  Other  dots 
are  made  at  short 
iDtervals  of  time, 
and  these  afterwards 
joined  by  straight 
lines.  The  figures 
thus  traced  are  an- 
gular ;  bnt  if  the 
dots  arc  made  every 
one  or  two  miDates 
the  lines  are  more 
curvilinear,  as  oc- 
curs when  radicles 
are  allowed  to  trace 
their  own  course  on 
smoked  glass  plates." 
"  Whenever  a 
great  increase  of  the 
movement  is  not  re- 
qnired,  another  and  in  some  respects  a  better  method  of  obser- 
vation is  followed.  This  consists  in  fixing  two  minute  triangles 
of  thin  paper,  abont  one  twentieth  of  an  inch  in  height,  to  the 
two  ends  of  the  attached  glass  filament ;  and  when  their  tips  are 
bronfrht  into  a  line  so  that  tliey  cover  one  another,  dots  are  made 
as  before  on  the  glass  plate."' 

'  It  is  very  convenient  to  cmplnj-  largo  Iwll-jnrs.  or  liemiapherical  glasses, 
Si  plnss  sorwiis  upon  which  to  reconl  the  ilota  indicating  the  position  of  the 
tip  at  any  given  niomont.    It  niuat  be  remembered  that  in  all  these  cases  there 

Pio.  17«.  TrMing,  rfiowtng  the  conjoint  clremnnnlatlon  of  tbeliTpncotyl  and  cotylo- 
donn  or  BmHlcA  olemcen  during  10  boure  and  4i  mlnut<e.  Flguru  reduced  (o  one  luilf 
orlglnBl  Kale.    (Darwin J 
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104C.  ClrcnnuiaUtloD  In  seedlings.  Thnt  part  of  the  axis  which 
is  below  the  cotjledons  is  made  up  of  a  rudimentary  stem  known 
as  Uie  canlide  or  hypocotyl.  aud  n  nidiiuentarj-  root  or  radicle 
proper.  The  part  ol'  tlic  young  stcmlet  nbovc  the  cotj'ledona  ia 
termed  tJje  epicotyl.  In  the  cotyledous  of  the  plaiitlet,  when 
fVced  from  the  seed-coats,  and  in  all  parts  of  the  young  axis, 
slight  movemeuts  can  be  obser^'ed.  In  all  observations  it  is 
necessary  to  remove  the  plantlet  as  far  us  possible  from  disturb- 
ing conditions ;  thtis,  all  light  must  bo  excluded  until  the  moment 
of  making  tlie  observation,  when  only  a  faint  light  should  be 
employed. 

10i7.  Two  facts  are  easily  apparent  with  regard  to  the  revolv- 
iug  radicle:  (1)  its  extreme  sensitiveness  to  contact ;  (2)  its  ten- 
dency to  jield  to  geotropism  (see  102C). 

104)f.  The  caulicle,  upon  emci^ng  fVom  the  seed-coats,  is 
often  more  or  less  arched ;  but  it  may  become  straight  after  a 
abort  time,  when  it  can  be  seen  to  paas  through  an  elliptical  orbit 
by  which  the  plane  of  the  cotyledons  is  somewhat  inclined  suc- 
cessively to  all  points  of  the  compass.  Darwin  has  shown  that 
even  before  the  liberation  of  the  caulicle  from  ttic  sccd-eoats,  when 
both  columns  of  the  arch  arc  held  in  the  soil,  the  top  of  the  arch 
moves  with  considerable  regularity.  It  is  difHcult  to  understand 
how  the  summit  of  the  arch  formed  by  the  curved  caulicle  can 
revolve  when  both  of  its  supporting  columns  are  &xcd  in  the  soil. 
Darwin  has  accepted  an  explanation  suggested  by  Wiesner, 
which  is  briefly  as  follows:  In  a  given  intemode  (it  must  be 
remembered  that  the  caulieic  represents  the  first  intemode  of 
the  seedling,  as  shown  in  Volumq  I.  page  9)  there  may  be  a  zone 
in  which  the  growth  is  equal  on  all  sides,  and  which  may  !« 
termed  the  zone  of  indifferent  growth,  while  on  each  side  of  thia 
there  may  be  two  others  in  which  there  is  unequal  growth  at 
intervals  of  time.  Then  by  the  faster  growth  on  one  side  of  the 
arch  the  summit  would  bo  thrown  to  one  side,  and  this  process 
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is  mcirR  or  leas  dEstortioQ  prodaced  by  the  best  methods  of  projectioD,  Mid  in, 
all  ■i-Bunil*  obserrEtions  thu  must  be  taken  into  account. 

When  tcedlingi  an  iuverled  to  that  Ihe  f}an  Ulament  h  held  upwards,  it 
must  be  noteil  that  the  influence  of  gnvilation  must  come  in  as  a  modifying 
elemrnC  To  mork  the  amount  of  jDlIumce  eiertpd  by  gniTiUition,  it  ia  well 
to  vnry  the  teOKth  and  weight  of  the  filament  einployed.  Bat  it  must  be  ob- 
wrrpd  that  the  (rei^ht  of  (he  organ  itaelf  ia  the  most  impDitiuit  element  in  Ihe 
problem.  Moreover,  it  h»s  been  obserred  that  all  young  growing  parts,  ™pe- 
ciallf  the  extremity  of  the  radicle,  are  more  or  Usa  scnsitivv  ;  nnd  hence  the 
ooune  of  the  filameot  toay  be  somewhat  modified  by  even  alight  contact. 
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would  sooner  or  lat^r  be  succeeded  by  its  reversal ;  and  thus 
summit  would  be  made  to  circuintiutate. 

KH9.  Darwin's'  illustration  of  the  movements  of  the  parts  of 
seedlings  gives  a  clear  idea  of  their  sequence.  '■  A  man  tLrowa 
down  on  Lis  bands  and  kuecs  and  at  the  same  time  to  one  nde^ 
by  a  load  of  hay  falling  on  him,  would  first  enden%-or  to  get 
arched  back  upright,  wriggling  at  the  same  time  in  all  diret-ti* 
to  tree  himself  a  little  from  the  surrounding  pressure ;  and  this 
may  represent  the  combined  effects  of  apogeotropism  and  cir- 
cumnutation  when  a  seed  is  so  buried  that  the  arched  hypocotyl 
or  epicotyl  protrudes  at  first  in  a  horizontal  or  inclined  plane. 
The  man,  still  wi-iggling,  would  then  raise  his  arched  back  u 
high  as  he  could  ;  and  this  may  represent  the  growth  and  COS*] 
tinned  circum nutation  of  an  arched  hypocotyl  or  epicotyl  beforo 
it  has  reached  the  surface  of  the  ground.  As  soon  as  the  man 
felt  himself  at  all  free,  he  would  raise  the  upper  part  of  his  body, 
whilst  still  on  his  knees  and  still  wriggling  ;  and  this  may  repre- 
sent the  bowing  backwards  of  the  basal  leg  of  the  arch,  which  in 
most  cases  aids  in  the  withdrawal  of  the  cotyledons  from  the 
buried  and  ruptured  seed-coats,  and  the  subsequent  sti-aiglit- 
ening  of  the  whole  hypocotyl  or  epicotyl,  circum nutation  still 
continuing." 

1050.  The  cotyledons  not  only  share  the  movement  of 
cauHclc,  but  they  have  also  an  independent  movement  «1 
ia  greatly  modified  by  slight  changes  in  the  surroundings.  Fi 
from  their  seed-coats,  they  move  upwards  and  downwards  in  verj?1 
narrow  ellipses,  and  at  different  rates  in  different  plants.  GeiH^ 
crally  their  movement  takes  place  only  once  in  the  course  of  the 
twenty-four  hours ;  in  Cassia  tora,  on  an  average,  once  in  about 
two  hours ;  in  Oxalis  rosea,  once  in  about  three  hours ;  while  in 
Ipoma?a  cfcnilea  Darwin  observed  the  change  of  position  to  occur 
almost  hourly.  It  is  noticeable  that  the  cotyledons  may  change 
the  direction  of  their  movement  slightly  at  different  times  of  the 
day.  and  may  thus  have  a  zigzag  course  during  a  part  of  the  day 
and  a  nearly  regular  orbit  during  the  rest. 

1051 .  In  some  of  the  seedlings  which  bare  been  examined  with 
especial  reference  to  their  movements  there  is  a  joint  or  swelling 
to  bo  detected  at  the  base  of  the  petiole.  This  is  the  equivalent 
of  the  pulvinua  commonly  found  in  Sensitive  plants ;  changes  fa 
the  position  of  cotjleilons  provided  with  such  joints  depend, 
in  the  case  of  sensitive  leaves,  upon  variations  in  the  tui^csoeni 

1  Power  of  Movement  in  Pluila,  1880,  p.  100. 
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of  the  cells  compoemg  it,  white  changes  in  the  position  of  cotyle- 
dons devoid  of  Ihem  are  due  to  unequal  growth. 

10a2.  CircnniuiitaUun  of  the  yooiig  ports  of  mature  plants.  By 
methods  similar  to  tliose  described  in  104.),  it  eau  be  ahown  that 
the  growing  extremities  of  stems,  branches,  leaves,  and  their 
numerous  uiudiHeations  possess  the  power  of  movement ;  in 
some  instances  exhibiting  essentially  the  same  phenomena  as 
those  presented  by  the  parts  of  the  seedling,  while  in  other  eases 
they  show  diflerences  at  an  earlj'  stage.  Tlie  most  striking  of 
tht^se  differences  is  that  observed  in  twining  stems.  In  this  case 
there  is  a  greatly  increased  amplitude  of  the  orbit  through  which 
the  tip  of  the  stem  passes.  Although  only  a  special  case  under 
a  general  class,  twining  stems  may  well  receive  a  somewhat 
detailed  description. 

1053.  Trrlnerg  arc  distinguishoti  from  proper  climbers  bj-  the 
absence  of  any  special  organs,  other  than  the  stem  itself,  for 

grasping      sup- 
ports ;    climbers 
being    provided 
with  some  sort 
of   tendiils,    or 
other  help,  by  which  the  plant  is  held  to  its  sur- 
roundings.   Taking  the  simplest  cases  of  twiners, 
such  as  that  of  the  common  Kforning  Glory,  it  is 
to  be  observed  that  ( 1 )  the  revolving  movement 
begins  at  the  earliest  moment;   (2)  only  a  few 
young  intcmodes  are  concerned  in  the  revolving ; 
(3)  the  revolving  stem  cannot  twine  around  a 
smooth  support  (for  example,  a  glass  rod),  bat 
re<piires  in  the   support  some  degree  of  rough- 
ness :  (4)  there  is  a  limit  of  size  to  the  support, 
different  for  different  twiners,  beyond  which  it 
cannot  be  grasped  by  the  revolving  stem;   (5) 
the  direction  of  the  revolution  is  not  the  same  for  all  twiners ; 
(6)  the  rate  differs  with  the  plant  and  with  the  surronndings. 

1054.  In  the  early  state  of  a  twining  plant  the  movements  are 
in  narrow  ellipses ;  but  with  even  a  slight  increase  in  size  of  the 
seedling,  the  transverse  axis  of  the  ellipse  becomes  greater,  and    . 
Boon  the  orbit  is  practically  a  circle. 

lO.'iS,   The  DiimlHir  of  intemodes  concerned  in  the  twining  J 
movement  is  usually  not  more  than  three  or  four,  and  sometimes  I 
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onl}'  two  are  involved.  The  internodes  below  the  seat  of  move- 
ment are  rigid.  The  revolving  is  associated  with  growth,  but 
the  growth  alone  is  probably  not  the  sole  cause  of  the  move- 
ment. 

1056.  It  is  only  the  young  internodes  which  are  capable  of 
spontaneous  movement;  but  growth  itself,  unassociated  with 
changes  in  the  turgescence  of  the  tissues  upon  the  different  sides, 
would  not  be  sufficient  to  account  for  the  movement.  It  must 
be  remembered  that  the  young  stem  possesses  remarkable  ten- 
sions, which  are  easily  disturbed  by  slight  internal  as  well  as 
external  causes.  The  increased  turgescence  of  its  cells  upon  one 
side,  or  their  diminished  turgescence  on  the  other,  or  the  action 
of  both  conjointly,  followed  as  this  is  by  an  increased  growth  of 
the  turgescent  part,  would  produce  sufficient  change  in  the  cur- 
vature of  the  stem  to  bring  about  the  twining  movement. 

1057.  When  a  twining  stem  comes  in  contact  with  a  smooth 
support,  it  generally  slides  up  the  support,  but  fails  to  grasp  it. 
The  check  which  is  given  by  a  smooth  support  sometimes  brings 
about  a  change  of  position  in  the  revolving  stem,  which  is  thus 
described  by  Darwin:  "When  a  tall  stick  was  so  placed  as  to 
arrest  the  lower  and  rigid  internodes  of  Ceropegia,  at  the  dis- 
tance at  first  of  fifteen  and  then  of  twenty-one  inches  from  the 
centre  of  revolution,  the  straight  shoot  slowly  and  gradually  slid 
up  the  stick,  so  as  to  become  more  and  more  highl}'  inclined, 
but  did  not  pass  over  the  summit.  Then  after  an  interval  suffi- 
cient to  have  allowed  of  a  semi-revolution,  the  shoot  suddenly 
bounded  from  the  stick,  and  fell  over  to  the  opi)osite  side  or 
point  of  the  compass,  and  reassumcd  its  previous  slight  inclina- 
tion. It  now  recommenced  revolving  in  its  usual  course,  so  that 
after  a  sonii-revolution  it  again  came  in  contact  with  the  stick, 
again  slid  up  it,  and  again  bounded  from  it  and  fell  over  to  the 
opposite  side.  This  movement  of  the  shoot  had  a  very  odd  ap- 
pearance, as  if  it  were  disgusted  with  its  failure,  but  was  resolved 
to  try  again."  ^ 

1058.  I\Iany  of  the  common  twiners  of  temperate  climates  are 
able  to  twine  round  very  slender  supports,  for  instance  a  small 
cord,  but  are  unable  to  twine  round  a  post  or  trunk  of  a  tree. 
This  does  not,  however,  appear  to  be  wholly  dependent  upon  the 
amplitude  of  the  revolution.  In  tropical  regions  some  of  the 
twiners  ascend  trunks  of  immense  size,  but  they  are  generally 
assisted  bv  adventitious  roots,  etc. 


Climbing  Plants,  1875,  p.  21. 
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1059.   Any  given  twiner  generally  twiuea  in  one  directioa 
only ;  for  instance,  the  bop  moves  iu  the  direction  of  tlie  lianda  ] 
of  a  watch,  or  to  use  another  esprcssion,  follows  the  sun  ;  the 
Morning  Glory  moves  in  an  opposite  direction.     But  there  t 
Boniu  cases  in  which  the  direction  of  twiniug  is  reversed  even  I 
during  a  comparatively  shoit  distance.     In  the  tropica  tliis 
reversal  is  said  to  be  common.' 

1000.  The  time  required  for  the  revolution  of  a  twiner  varies  j 
in  <lifferent  plants,  and  is  by  no  means  constant  for  the  same  I 
plant  at  different  stages  of  ita  development.  In  the  ease  of  the  I 
Uorning  Glory,  the  average  time  required  for  the  revolution  of  ' 
K  Uirifty  shoot  under  favorable  conditions  is  abont  three  hours. 

lOGI.  Twiners  are  affected  flomewhnt  by  the  amount  of  light 
received,  but  the  revolving  goes  on  uninlcrrupledly  night  and 
day.  The  increase  of  rate  when  a  revoUHng  shoot  is  approach- 
ing a  window  may  be  equal  to  a  tenth,  or  somewhat  more,  of  the 
whole  period  of  the  revolution.  Such  acceleration  is  verj'  differ- 
ont  for  different  plants. 

10ij2.  Modified  clrcnnnntatlon.  The  effect  of  the  influence  of 
light  in  increasing  the  rate  of  movement  in  a  twiner  is  a  good 
example  of  a  lui^e  claes  of  modified  movements.  These  move- 
ments have  already  been  considered  in  the  chapter  on  '"Growth," 
tmdor  the  terms  Ileliotropism,  Geotropism,  etc.,  but  must  be 
again  referred  to  in  connectioo  with  the  universal  movement, 
oiroumnutation.  When  it  is  desirable  to  free  any  circumnn- 
tating  part  from  the  influence  of  a  disturbing  factor,  for  instance  I 
light,  givat  care  must  be  taken  to  avoid  subjecting  it  to  abnor- 
mal conditions  such  as  result  when  a  seedling  is  kept  in  the 
dark  in  order  to  free  it  trova  the  inHueuoe  of  light  on  its  I 
movements.  When  so  kept  it  undergoes  changes  of  form  with 
its  blanching,  and  therefore  little  security  ia  felt  that  all  iU 
behavior  is  normal.  In  the  instance  of  green  plunia  whioh  j 
demand  light  for  their  healthy  activity  the  removal  of  disturbing 
factors  is  a  task  of  considerable  dilBculty. 

A  part  of  the  difficulty  is  removed  by  the  use  of  some  instru- 
ment by  whieh  the  plants  can  be  made  to  revolve  slowly  in  a 
given  plane,  thus  exposing  the  different  sides  snccessively  to 
the  action  of  the  foree.    A  simple  form  of  this  appliance  is 


'  Friu  MuUcr  is  quouJ  by  Dnrwin  m  saying,  ihat  the  atem  of  D»viltft 
net  iii'Uffervntlji  froni  left  to  right  or  froni  right  to  l«rt  ;  and  that  be  once 
'  n  iboot  which  luul  aa<«aUed  a  tree  aliQut  ftvn  inchis  in  duunetcr  reverse 
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known  as  the  cUnoatat.  It  conaiats  of  a  clo(^>work  which  car- 
ries a  disc  on  which  can  be  placed  growing  plants ;  by  the  reTO- 
lution  of  this  horizoDtal  diec  all  parts  are  in  tarn  given  the  same 
amount  of  illumination.  If  the  clock-work  is  bo  airaoged  as  to 
rotate  a  horizontal  sliafl  to  which  a  growing  plant  can  be  affixed, 
any  one  part  of  the  plant  will  be  exposed  to  the  influence  of 
gravitation  in  precisely  the  aame  manner  and  to  the  same  extent 
as  all  other  parts. 

When  cii'cum nutation  is  plainly  modified  by  unequal  growth, 
striking  disturbances  arc  produced  which  have  received  much 


investifjation.  Among  those  cases  are  the  changes  of  position 
which  many  iwdunclcs  undergo  during  the  <lcvcIopment  of  flow- 
ers Olid  fruits.  Although  the  extremity  of  the  flower-stalk  passes 
through  its  definite  orbit,  it  is  in  some  instances  so  affected  by 
the  grcHter  growth  of  tlic  upjicr  side  as  to  curve  downwards, 
while  a  similar  excessive  growtli  on  the  under  side  will  produce 
an  upwanl  cunature.  De  \'rie3.  who  has  given  much  attention 
to  these  phenomena,  has  coined  the  adjectives  epinaetic,  denoting 
ain'ature  fram  growth  on  the  upper  side,  and  htjponastic,  that 
from  growth  on  the  under  side  of  an  extending  organ. 


and  bearing  two  Windsor 
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IOCS.  The  ample  revohing  movement  is  not  conlliied  to  stems, 
but  is  observed  in  some  modiSed  brauchea  and  leaves,  for  ex- 
ample in  certain  ten- 
drils, etc.  A  single 
iuatancc  will  serve  to 
show  tlie  remarkable 
nature  of  the  movo- 
ment  in  the  case  of 
the  tendrils  of  Echi- 
noL-ystia  lobata,  as  de- 
scribed  bj-  Darwin : ' 
"These   are    usually 

inclined  at  about  46°  

above  the  horizon,  but 
they  atitfeu  and  straighten  themselves  bo  as  to  stand  upright  in 
a  part  of  their  circular  course ;  namely,  when  they  approach  and 
ha\'e  to  pass  over  the  summit  of  the  shoot  from  which  they  arise. 
If  they  had  not  possessed  and  exercised  this  curious  power,  they 
would  infallibly  have  struck  against  the  summit  of  the  shoot  and 
been  arrested  in  their  course.     As  soon  as  one  of  these  tendrils 

with  its  three  branches  be- 
to  stiffen  itself  and  rise 
crtically,  the  revolving 

motion  becomes  more  rapid ; 

and  as  soon  as  it  has  passed 

over  the  jjoint  of  difBculty, 
■^       ,j2  "  its   motion   coinciding  with 

that  from  its  own  weight 
causes  it  to  fall  Into  its  previously  inclined  ixtsition  so  quickly 
that  the  apex  can  be  seen  travelling  like  the  hand  of  a  gigantic 
dock." 

1064.  Vfjretilropic,  or  sleep,  moTements.  The  foliar  organs  of 
many  plants  assume  at  nightfall,  or  juat  before,  positions  unlike 
those  which  tliey  have  maintained  during  the  day.  In  many 
cases  the  drooping  of  the  leaves  at  night  is  suggestive  of  rest, 
and  the  name  given  by  Linniens  to  this  group  of  phenomena, 
namely,  "the  sleep  of  plants."  secmsappropriate.  But  in  numer^ 
ous  cases  the  noctornal  position  is  one  of  obvious  constraint, 
and  considerable  force  has  to  be  expended  in  lining  the  leaf  to 


I 


'  Power  of  Movement  in  Plants,  1880,  p-  266. 
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the  Dew  position.     The  diversity  of  positions  can  he  ouly  i; 

feotly  indicated  by  the  accompaiiyiug  illustrations. 
According  to  ITclTcr,  the  sleep-movements  of  leaves  and  c 

cotyledons  depend  npon  increased  growth  on  one  side  of  t 

median  line  of  the 
petiole  and  miilrib, 
followed  afYcr  a 
certain  iiitenal  of 
time  by  a  corre- 
sponding growth 
on  the  opposite 
side.  Thns 
ordinary  lea 
which  droop 
niglit  the  depre*>l 
siou  is  produce  ~ 
by  a   eliglitiy 

creased  growth  on  the  upper  side,  and  tlic  rise  in  the  inon 

by  a  similar  growth  ou  the  imder  side.    But  in  the  moat  strikiii 

cases  there  is  n 
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coDtinucd  loDg  alter  tlie  movements  in  youug  Icuveti  dc§tituta 
of  such  RH  apparatus  bave  ceased. 

IOCS.  The  sleep- moToments  of  cotjledoiu  are  extremely  diverse, 
but  in  general  consist  in  an  elevation  of  tbe  tips,  bringing  the 
upper  faces  into  proximity,  and  sometitnes  into  coutact.  It  may 
hnpt>en  also  that  odo  or  more  of  the  early  leaves  dovelo|jed 
from  the  plumule  approacUea  the  elevated  cotyledons.  Dap- 
nin  has  notetl  tliat  in  some  cases  the  cotyledons  of  plants, 
with  ordinary  leaves  which  exhibit  sleep- movements,  may  uot 
change  their  position  at  night,  except  as  they  do  in  simple 
circumnutation. 


10G6.  The  ntllitj  of  the  sleep- moTemenb  of  loaves  and  cotyle- 
dons is  believed  to  consist  in  protection  from  too  great  radiation 
during  the  night.  Damin  bas  shown  by  simple  and  conclusive 
ex|)eriments  that  in  tlie  ease  of  some  plants  this  change  of  the 
position  of  loaves  at  the  approach  of  a  chilly  night  is  a  matter 
of  life  and  death. 

When  leaves  which  naturally  assume  nyctitropic  positions  are 
pinned  or  otherwise  kept  IVom  changing  their  position,  and  the 
plant  is  exposed  to  a  temperature  a  little  below  fV^ezing.  under 
a  cleUr  sky,  into  which  tbe  radiation  of  heat  must  go  on  rapidly 
JVom  the  upper  surface  of  the  leaves,  serious  injnries  result,  the 
leaves  becoming  browne<)  and  even  killed ;  whereas,  leaves  on 


Fta.  IBC.    Dwaadlum  (jTUu. 
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through  its  elliptical  orbit  in  a  period  of  fh>m  half  a  minute  to  a 
minute  or  more,  the  time  varjing  greatlj'  according  to  the  ex- 
ternal conditions,  but  being  nearlj'  uniform  under  uniform  high 
temperature.  The  lateral  leaflets  move  independently  of  one 
another,  one  sometimes  passing  downwards  while  the  other  is 
ascending,  but  there  is  no  distinct  relation  between  them. 

At  the  base  of  the  terminal  leaflet,  the  base  of  the  lateral  leaf- 
lets, and  the  base  of  the  main  petiole,  are  pulvini,  to  changes 
in  which  the  several  movements  are  due. 

1070.  The  cause  of  autonomic  morements  not  tMj  known.  As 
to  the  cause  of  the  periodic  changes  in  turgescence  and  asso- 
ciated growth  which  give  rise  to  ^^  spontaneous  "  movements,  little 
is  at  present  known.  The  fact  that  in  the  naked  protoplasm  of 
the  Plasmodium  of  the  Myxomycetes  the  sap  cavities  exhibit 
a  rhythmical  pulsation  which  is  thought  to  be  dependent  upon 
variations  in  the  imbibition  power  of  the  protoplasm  for  water, 
throws  little  light  upon  the  ultimate  cause  which  underUes  vari- 
able turgescence  in  one  case  and  variable  pulsation  in  the  other. 
Although  variations  in  turgescence  and  associated  growth  are 
everywhere  observable  in  young  and  still  parts  of  plants,  in  some 
instances  similar  phenomena  can  be  observed,  as  we  have  just 
seen,  in  specialized  organs  which  are  no  longer  capable  of 
growth. 

1071 .  DeVries  ^  calls  attention  to  the  fact  that  organic  acids  or 
their  salts,  as  they  are  formed  in  tissues,  have  a  marked  effect 
upon  the  turgescence  of  the  cells  composing  the  tissue.  If  these 
compounds  were  produced  first  in  the  cells  on  one  side  of  a  shoot 
or  other  motile  organ,  and  then  in  the  cells  next  to  these,  and 
so  on,  the  phenomena  of  circumnutation  would  be  exhibited. 
Its  cause  will  probably  be  found  in  chemical  processes  which 
cause  the  osmotic  power  of  the  cell-contents  to  varj'.^ 

1072.  Sensitiveness.  By  this  is  meant  the  capacity  to  react 
against  an  irritation ;  thus,  the  root  is  said  to  be  sensitive  to 
moisture,  some  leaves  to  light,  etc.  But  it  is  usual  to  employ* 
the  term  in  a  more  restricted  signification ;  following  Darwin's 
cautious  definition,  "  a  part  or  organ  ma}'  be  called  sensitive, 
when  its  irritation  excites  movement  in  an  adjoining  part."  *  The 
irritant  may  be  shock,  prolonged  contact,  a  light  touch,  or  a 
chemical  agent. 


1  Botanische  Zeitung,  1879,  pp.  830,  847,  and  in  an  independent  communi- 
cation. 

*  Pfeffer  :  Periodischen  Bewogungen  (1875). 

*  Power  of  Movement  in  Plants,  1880,  p.  191. 
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^^B073.  It  baa  been  shown  (1024)  that  young  ehoota  react, 
ftlthot^b  somewhat  sluggishly,  agaiust  niGchaiiii-at  shuck,  their 
change  of  form  or  direcllon  depending  on  the  character  or  direc- 
tion of  the  blows  reoeivecl.  In  certain  delicate  tissues,  especially 
those  which  possess  much  simplicity  of  structure,  change  of  form 
and  of  direction  may  be  produced  in  response  to  comparatively 
slight  mcchauical  or  chemical  Irritation.  It  is  to  these  that  the 
term  se/wiYtt'e  (issmm  is  properly  applied. 

1074.  SenattlTeness  of  roots.  The  tip  of  the  caulicle  is  gen- 
erally aeusitivc  to  contact  anfl  to  caustics.  There  arc,  however, 
groat  difl^roncus  in  the  degree  of  seusitiveness ;  in  some  coses 
slight  contact  being  suIBcient  to  cause  reaction,  while  in  others 
tlie  contact  must  be  prolonged  aud  acc-ompauied  by  direct  pres- 
sure. If  the  caulicle  with  its  unformed  root  is  placed  under 
conditions  where  growth  can  take  place  with  great  rapidity,  the 
sensitiveness  is  much  impaired  and  sometimes  is  wholly  lost ; 
it  ia  partiallj'  lost  also  when  the  caulicle  grows  slowly,  or  ia 
forced  to  grow  out  of  season.  Under  natural  conditions  and  at 
a  normal  rale  of  growth  the  tip  is  sensitive  for  about  one  twen- 
tieth of  an  inch.  If  a  piece  of  caustic  is  applied  to  the  tip  (not 
more  than  1.5  mm.  fiom  the  very  end),  the  caulicle  will  curve 
away  from  the  irritated  side.  The  reaction  is  as  plainly  seen  in 
those  cases  where  the  caulicle  does  not  elongate,  but  where  the 
root  itself  descends. 

lUTi).  The  length  of  the  portion  of  these  organs  which  reacts  ia 
about  l«n  millimetres.  The  time  of  rcaclinn  varies  for  different 
plants,  being  sometimes  in  five  hours,  and,  according  to  Darwin, 
almost  always  within  twenty-four  hours. 

1076.  "  The  curvatui-e  often  amounts  to  a  rectangle  ;  that  is, 
the  terminal  part  bends  upwards  until  the  tip,  which  is  but  little 
curved,  projects  almost  hoiizontally.  Occasionally  the  lip,  from 
the  coDtiniii'd  irritation  of  the  attached  object,  continues  to  bend 
op  until  it  fonns  a  hook  with  the  point  directed  towards  the 
zcnitli,  or  n  loop,  or  even  a  spire.  After  a  time  the  radicle 
apparently  becomes  accustomed  to  the  irritation,  as  occurs  in 
10  case  of  tendrils ;  for  it  again  grows  downwards,  although 
bit  of  card  or  other  object  may  remain  attached   to  the 

Up  of  the  radicle  has  been  shown  (104G)  to  be 

'.    By  this  movement  the  sensitive  tip 

UfTeTent  sides  of  minute  crevices  in 


\ 
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the  same  plant  which  are  allowed  to  take  the  protectiTe  positioD, 
escape. 

1067.  Sleep-moTements  of  floral  organs.  These  are,  in  general, 
dependent,  as  Pfeffer  has  clearly  shown,  upon  the  alternate 
growth  of  the  opposed  surfaces.  For  instance  in  a  crocus,  the 
greater  growth  of  the  inner  surface  of  the  parts  of  the  perianth 
will  bring  about  an  opening  of  the  flower,  whereas  the  greater 
growth  of  the  outer  sui*facc  will  eflect  a  closing. 

Pfeffei-'s  method  of  investigation  is  capable  of  application,  pro- 
vided one  has  a  microscope  which  admits  of  being  held  with  its 
tube  horizontal.  A  perianth  leaf  is  carefull}'  detached  without 
too  much  violence  from  the  flower,  and  immediately  placed  in  a 
small  tube  containing  water,  so  that  the  expanded  part  may  be 
brought  within  the  field  of  the  microscope.  If  fine  lines  are 
measured  off  upon  its  inner  and  outer  surfaces  in  India  ink, 
their  graduall}'  increasing  distance  from  each  other  can  be 
watched  to  good  advantage.  It  can  then  be  clearly  seen  that 
when  the  part  cur>X8  outward  it  is  owing  to  an  increased  growth 
u|K)n  the  inner  surface,  and  vice  versa.  That  there  is  an  ante- 
cedent turgescence  is  very  likel}-,  as  has  been  repeatedly  pointed 
out  by  De  Vries  and  others.  It  is  probable  also  that  in  a  few 
cases  the  opening  and  closing  are  due  to  a  temporary  tui^es- 
cence  unaccompanied  by  much  growth. 

Changes  in  illumination  and  in  temperature  are  sufficient  to 
effect  the  alternations  of  growth  and  of  turgescence  in  delicately 
constituted  parts,  where  there  is  a  balanced  tension  existing 
between  the  outer  and  inner  tissues. 

1008.  Times  of  opening  and  closing  in  the  open  air.  Under  the 
ordinary  conditions  of  an  equable  climate  the  times  of  opening 
and  closing  of  the  flowers  of  a  given  plant  do  not  vary  widely. 
Hence  it  is  possible  to  construct  a  floral  clock  which  shall  mark 
the  hours  with  tolerable  regularity.  The  dial  at  Upsala,  Sweden, 
8u<rfrostod  by  Linnanis,  and  that  designed  for  Paris  by  De  Can- 
dolle,^  are  approximately  correct ;  but  in  a  climate  having  the 
sharp  and  sudden  differences  of  heat  and  of  moisture  which 
characterize  eastern  North  America  such  floral  clocks  are  not 
successful. 


1  Tlie  following  list  from  De  Candollo's  Physiologic  gives  the  hours  of  the 
opcuing  of  certain  flowers  in  Paris:  — 

Tpomnpa  purpurea 2     A.  M. 

Calystegia  «ej)ium 3-4     ** 

Matricaria  suaveolens 4-5     ** 
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10G9.   The  Tclegra|>h  plant.    Tlic  most  surprising  instance  of     ^^M 

rapid  epontancous  uiovcaicat  is  that  wbicli  is  exhibited  by  the     ^^H 

lateral  IcaScts  of  Desmodium                                                             ^^H 

gjrans.     Each  complete  leaf                         *                                 ^^H 

of  Desmodium  t-ousists  of  a  ^^"^Tjs.    U)|          k                         ^^| 

large  terminal  leaflet  and  two    /y  /.ylk^*'^         1                       ^^^| 

liltle     lateral     IcaQcts.       At    '^    [/  ^        ^        jt^^               ^^H 

nightfall  the  terminal  IcaQets                            \j^  \^^L.           ^^1 

siuk  verticallj-,  and  the  |)Ctl-                           Vf        U  /^^        ^^H 

olcs  are  somewhat  raised,  so                           If           \ '  /^^L       ^^^| 

that  Uie  terminal  leaflets  ore           ,^^       ^  H             \  /  /^^      ^^^ 

much  crowded  together  upon            ^^i^\  K              \  (l^k 

the  stem  (see  Fig.  185.)    The            ^^Tli           k     \W 

cotyledons  do  not  hare  thia             i^Kf\     \      \\W      NIH 

nyctitropio    movement,    but            ^KA    A      ^"TSfe. 

the  first  true  leaf  sleeps  just            llHt  \  |h-''''^''^/aC% 

as  do  the  older  ones.                          ^^K^  \  If          l//X^ 

The  lateral  leaflets  do  not              iB^W            V^H 

fall  at  night,  but  at  the  tem-         -      ^BLT  1              //H 
iwratnre  of  3G  to  38°  C.  or         ^V.   \^^\          IVjH 

even  somewhat  higher,  keep       ^(^**'^J^\           \  M^^ 

up,  night  and  day.  an  uregu-    ^Ka            na)          ^^H 

lar  Jerking  movement,  which    ]|^^K             f             ^^H 

has    been   compared   to  the   ^HR             \              ^W                  | 

ticking  of  the  second-hand  of  HK?^               ^                                ^^M 

a  watch  (or,  formerly,  to  the                            igg                              ^^H 

movements  of  the  arms  of  a                                                                    ^^H 

Semaphore  Telegraph).     The  tip  of  the  moving  leaflet  passes     ^^| 

Paimwr  nudicuulv  and  most  Cichoriaciw  .     .     .     S      a.  m.                       ^^| 

CoDVolvuliii  tricolor 5-6     "                         ^^1 

Coavolrulaa  uculus S                                  ^^^H 

SpecieaofSoDchusandUieracium 6-7     "                       ^^H 

Species  of  Lactaca 7                                 ^^^| 

ADKnllis  nrvcnsja    ..--,...*.     8                                  ^^^^^H 

CdendDlB  amnsU 9                              ^^H 

Aicnaria  rubra B-IO  "                        ^^^^| 

Fulifloni  cccmlea 12       ».                       ^^^| 

BUene  Doctiflon G-«     "                       ^^M 

(Enothen  biennii fl                                 ^^H 

Uinbilii  3»Uj» 6-7     "                       ^^H 

Lychnis  Tespertina 7                                  ^^^^| 

C^rciu  TtfttidifloruA  *....--->'     7— S                              ^^^^^H 

Fia.lM.   DModlam  er»u.                                                ^^M 
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Sicyos,  a  curvature  soon  takea  place  in  the  direction  of  the  con- 
tact, ir  the  plant  is  in  a  vigorous  condition  and  the  tendril  is 
yonng,  a  slight  touch  is  generally  Bufllcieot  to  cause  immediate 
flexion.  If  a  solid  object,  for  instance  a  statf,  is  placed  in  con- 
tact with  such  a  tendril,  the  bending  and  coiling  takes  place  at 
once,  and  thus  the  organ  is  brought  Into  close  apposition  with 
the  support. 

1081.  As  soon  as  the  t«ndril  has  coiled  around  its  support,  a 
striking  phenomenon  is  obaer^'cd  in  the  portion  between  ttie  shoot 
and  the  supiwrt :  it  begins  to  twist,  throwing  the  whole  thread 
into  a  double  coil,  a  part  of  which  winds  one  way  and  the 
rest  another.  There  can  be  no  doubt  that  this  comes  trom  the 
action  of  the  same  force  which  causes  the  revolution  in  the  ten- 
dril before  it  becomes  attached  to  the  support,  and  the  fbrther 
exercise  of  this  force  must  necessarily  produce  two  coils  running 


in  opposite  directions.  After  the  tendril  has  made  fast  to  its 
support,  its  structure  begins  to  change  in  a  rcmtirkablc  manner. 
becoming  much  lirmer  and  more  elastic  than  before,  — a  provision 
adapting  it  ailinirubly  to  resist  sudden  strains  upon  the  main 
shoot  from  gusts  of  wind. 

1082.  IJul  if  the  tendril  in  its  revolution  has  failed  to  come  in 
contact  with  any  proiicr  support,  it  is  thrown  into  a  single  coil, 
which  runs  from  tlic  extremity  of  the  tendril,  and  extends  for 
a  short  dislancc,  periiaps  half  the  whole  kngth  of  the  organ. 
Sometimes,  however,  it  simply  becomes  flaccid. 


FtO.  IBS.    Ampelnjirii  qnlnqoFKilla,  or  VlrglnlB  crsepcr. 
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10S3.  In  some  cases  tendrils  ara  not  sensitive  to  contact,  but 
are  distioclly  apholiotropic,  turning  away  fVum  tlic  light,  and  in 
this  way  securing  for  the  plaul  an  adequate  mechanical  support 
u[Kin  some  wall  or  the  like.  Grape-vinos  and  Virginia  creeper 
furnish  good  examples  of  such  tendrils.  The  branehes  of  tho 
tendrils  of  tho  grape-vine  sometimes  clasp  around  a  slender  sup- 
port, somewhat  in  the  same  way  as  an  object  would  be  grasi^cd 
by  a  thumb  and  finger. 

The  much- branched  tendrils  of  species  of  Ampelopsis  are  also 
apheliotropic ;  but  when  tho  lips  of  the  branches  of  the  tendrils 
come  in  contact  with  a  wall,  they  become  expanded  into  flat 
discs  which  cling  to  the  surface. 

10^4.  SensltlTencgs  of  [tetlutes. 
This  can  be  easily  examined  in 
the  common  climbing  species  of 
Clemutis.in  Solanuin  jasminoides, 
ete.  The  leaves  circnmuutatc 
and,  in  the  case  of  coniiKiuud 
leaves,  the  separate  leaflets  also. 
When  young  the  sides  of  the 
petioles  are  aonsitivc  to  touch, 
bending  towards  where  the  pres- 
sure or  compact  is.  Shortly  after 
clasping  the  support  by  means  of 
this  bending  the  petioles  increase 
in  thickness,  become  stronger 
and  tougher  than  before,  and 
sometimes  take  on  a  structure 
suggestive  of  a  rigid  branch,  in 
Gloriosa  llie  sensitiveness  is  very 
marked  in  the  leaf-tips,  hut  only 
on  the  uniler  surface  of  the  pro-  ISJ 

longed  thread-like  extremity. 

1085.  SeBsitlvenms  of  leaf-blades.  The  fly-trap  of  Dion^ca 
{considered  by  some  an  npiiendage  to  the  proper  leaf-blade)  is 
exquisitely  sensitive  to  any  touch  upon  the  hairs  which  grow  on 
the  faces  of  the  trap.  As  soon  as  these  are  touched  the  trap 
instuntly  closes,  and  the  same  effect  follows  a  slight  touch  on 
the  median  line.  A  cross-section  through  the  leaf  shows  that 
the  parenchyma  is  thin-walled.  The  leaf  of  the  small  water- 
plant  Aldrovanda  has  likewise  been  shown  to  be  sensitive. 
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108G.  The  lenflcta  of  numerous  plants  exhibit  a  peculiar  degree 
of  eeositiveiiess  even  to  a.  alight  touch.  Among  these  are  sev- 
eral species  of  Mimosa  and  Osalis. 
The  plant  which  has  rct-cived  the 
fullest  investigation  is  the  faaily 
cultivated 

1087.  JUlmosa  pudiea  (the  Sen- 
sitive plant).  This  liaa  compound 
leaves  consisting  of  four  long  leaf- 
lets, each  of  which  is  divided  into 
numerous  minor  IcaHcts  arranged 
ID  pairs.  At  the  base  of  each  leaf- 
let, and  also  at  the  base  of  tlie 
'  petiole,  there  is  a  pulviiius,  com- 
posed of  peculiar  cells.  Oa  the 
upper  half  of  the  pulvinus  these 
arc  thicker- walled  than  on  the 
__  lower;  mostofthemcontainround- 

ish  globules  made  up  of  a  strong 
solution  of  tannin  in  water,  surrounded  hy  a  film  of  some  albu- 
minoid matter.  These  globules  are  not, 
however,  of  any  significance  as  concerns  the 
motility,  since  they  are  found  lo  the  paren- 
clijma  of  the  bark  of  some  ligneous  plants 
(aee  953). 

When  a  fully  spread  leaf  is  touched 
At  its  extremity  the  many  leaflets  succes- 
sively  close    in    pairs,    the    upper   Bnrfacen 
approaching  and  the  tips  falling  somewhat 
forward;    the  four 
branches  of  the  leaf 
then  draw  near  each 
other,  an<l  the 
petiole  inclines 
downwards  and 
finally  droops  pas- 
sively at  the  Joint. 
The  recovery  from 
this  position  of  col- 
lapse takes  place  in 
a  few  minutes,  generally 
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1089.  If  an  irritant  is  spplied  to  &  aingle  leaflet,  the  opposite 
one  may  be  the  only  other  affected  ;  or,  if  the  effeet  is  more  pro- 
notinced,  all  the  leaQets  on  a.  single  divisioQ  of  the  leaf  may  be 
closed  without  affecting  any  on  the  other  branches.  But  jf  a  still 
sharper  impulse  is  given,  not  only  will  all  the  leaflets  on  a  single 
leaf  close,  but  other  leaves  on  the  plant  may  t>e  affeoted.  Thus 
it  is  possible  by  applying  a  hot  needle  to  a  single  leaflet  to  alTect 
all  those  on  a  small  plant  A  drop  of  strong  sulphuric  acid  acts 
in  the  same  way.^ 

IrVhen  a  leaf  of  Mimosa  is  separated  from  its  plant  by  a  sharp 
cut  through  its  pnlvinus,  and  is  at  once  placed  in  a  saturated 
atmosphere,  it  soon  recovers  its  normal  expanded  condition ;  if 
now  it  is  touched  the  leaflets  will  collapse  as  usual,  and  at  tbe 
moment  of  closing  a  drop  of  water  can  be  seen  exuding  from  the 
cut  surface.  Accoi'ding  to  Pfcffer  it  is  possible  to  observe  that 
the  water  comes  from  the  parenchyma  of  the  lower  half  of  the 
pulvinus,* 

1090.  According  to  Bert.'  who  made  use  of  a  thermo-electric 
apparatus,  the  pulvinus  of  a  leaf  of  Mimosa  in  its  normal  coodi- 


I  For  t  itucly  of  the  trinsmiMton  of  tlio  ibock,  ko  PrcffiT,  Pringsbcim'i 
JfthrbiiRlier,  u.,  1873,  p.  SOS. 

8amv  of  the  rflects  proilufcil  by  irritiints  upon  tbe  boira  of  certun  inaectir- 
OTOQ*  pUuts  have  bean  allraily  described.  The  pbeDOOipna  of  aggrt^Cioit 
tb«D  allDded  to  niuit  be  now  trraled  morn  in  detail.  It  ii  described  by  FhStT 
in  the  rolloning  vrordi:  "Suddenly  the  content*  of  tbe  cell  acted  on  becoma 
clouded  by  a  separation  oF  minute  particles  which  aggrrgate  to  form  musea, 
Thexe  masses  consist  essentially  of  albuminous  mattom,  which,  from  their  col- 
lecting the  coloring  (abaCsace  in  the  cell-sap,  beuojne  tinged.  The  whole 
process  lit  AggregHtJon  takM  plaM  in  the  cell-sap." 

PfelTer  points  out  the  eurioiu  fact  that  while  ammnuic  carbonate,  vrithoot 
any  other  irritant,  vitl  oaosa  Uus  iggrrffiiioa,  acelic  acid  will  make  it 
disappear. 

Such  chsngea  as  aggrrgation  and  variations  in  targescence  are  connected  in 
some  way.  not  yet  underswod,  with  the  imbibition  power  of  protoplasm  for 
watery  fluids.  The  mrcllaiiical  or  chemical  irritants  wbteh  temgwrarilir  dimin- 
i>li  the  ci|i*city  of  protoplasm  Tot  reUining  within  the  cell  the  maximum 
qunnlity  of  waWr  will  produce  a  distinct  effect  upon  the  (pnaion  of  the  cell- 
wall,  and  result  in  a  change  of  its  size  or  form,  or  both.  The  irritation  tbna 
eaDsni  can  be  trsuiniitted  to  a  dj&tiuit  port.  Tlie  intimate  relations  whiili 
etiet  between  the  yoang  cell-wall  and  Uie  protoplasmic  lining  must  not  be 
oierlonked  in  any  conoideiation  of  the  aubject  of  sensitivenen  in  pknta. 
l«&Clir.  tlie  continuity  of  piotopium  in  many  mobile  and  tensidve  organs  mnst 
be  borne  in  mind  in  the  consideration  of  tbia  mhject. 

■  Pllantenphyeiolofiir,  ii..  1881,  p.  237.  Soe  aUo  PfelTcr'a  rhysiologisehe 
TJntennebungeu.  1873,  p.  3S. 

*  Coniptoa  Sendu^  liix.,  18SP,  p.  SOS. 
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tioQ  is  always  slightly  cooler  than  Ihe 
upon  Um  u]uvetut.'iil  from  irritutioii  it  li 


thought  that  it  resiiled  in  tUo  contractile 
generally  held  to  bo  due  to  Bome  sudden 
power  of  the  pruto 
plasm,  particularly  iu 
its  peripheral  portion 
in  contact  with  the 
cell-wall,  by  which  the 
tnrgoBi-ence  of  the  cell 
ie  suddenly  changed.' 
1092.  If  a  pUut 
with  motile  leaves  is 
kept  in  darliucsa  Tor 
s  day  or  bo,  even  if 
the  temperature  is  Tav- 
oralile  to  motion,  its 
power  of  movement  iB 
either  greatly  impaired 
or  for  a  time  wholly 
lost.  A  diminished 
amount  of  light  is  sufllcicnt  to  prodi 
case  of  the  Sensitive  plant. 


rest  of  the  petiole,  b 
ses  in  temperature ;  not 
enough,    however, 
to  account  for  the 
raising  of  so  con- 
siderable a  weight 
as  that  of  the  li^af. 
lOKl.     Some 
physiologists  have 
regarded  liio  si-n- 
'    sitivcness    of    the 
pulviniia     of     the 
Sensitive    plant 
and  ofolher  motile 
parts    as    residing 
chiefly  if  not  whol- 
ly in  the  cell-wall, 
while  others  have 
protoplasm.     It  is  now 
variation  in  the  osmotic 


the  same  eflcct  in  1 


■  Compare  Hofmeister :  Die  Ix^hre  von  dvr  mBDO'ii Kill's   ll)<17,   Jt.   SOO  ; 

Brticke;  Archil  Tur  Anstomie,  rhyaiolagio,  und  viiK.  Ucdicin,  1813,  p.  484  ; 

Ungn' :  BoUnisclie  Zdlung,  iaS2,  p.  113  ;  IseS,  p.  319. 

rio.  tra    Tt*naTerHH«llnnorthBmn(ll>nrgHnorii>MiflstnfOiaIlanim«L  (Sm^k) 
Pio.  113.    Varlkal  lecUuii  tbrougb  Uis  nioUlu  urgu    '      ~     '  -    -  ~     - 
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Sachs  bas  giveu  tlie  natne  Phototonus  to  the  normal  motile 
coiidiUon  resulting  from  ulternutioD  of  dsiy  and  uigbt.  "A 
plant  iu  this  condition,  if  placed  in  the  dark,  will  remain  for  some 
time  (bours  or  even  dnj's)  in  a  state  of  phototoniia,  wbicti  then 
di^^appcara  gradually  ;  the  plant  is  therefore  under  normal  condi- 
tions in  a  state  of  phototonus  even  during  the  night  In  the 
suiuu  manner  a  plant  which  has  become  rigid  in  continued  daik- 
nesB  retains  its  rigidity  for  some  time  (honrs  or  even  days) 
aflei'  being  exposed  to  light  The  two  conditions  therefore 
pass  over  into  one  another  only  slowly." 

1093.  Temporary  rigidity  is  produced  in  the  case  of  the  Sensi- 
tive plant  by  an  exposure  to  a  temperature  of  lo°  C.  The  same 
effift  is  produced  by  a  temperature  above  50'^  C,  according  to 
Bert's  observations  at  about  G0°  C.  It  is  stated  by  him  that  the 
sensitiveness  of  Mimosa  is  destroyed  by  exposure  bo  a  green 
light,  while  plants  placed  under  belt-Jars  of  the  following  colors 
remained  healtliy  :  white,  red,  yellow,  blue,  and  violet.* 

1091.  SensltlTeness  of  sljunens.  No  better  illustration  of 
this  is  afforded  than  that  given  by  stamens  of  the  common  Bar- 
berry. The  six  stamens  lie  cnr%'L'd  nnder  the  arching  petals,  but 
if  a  filament  is  hghtty  touched  it  is  jerked  suddenly  forward, 
bringing  the  anther  into  apposition  with  the  pistil. 

lO'Jj.  The  filaments  of  certain  Composit«e  are  sensitive.  The 
case  of  the  common  Chicory  has  been  thus  described :  The 
anthers  are  conjoined  tu  form  a  tube  supported  D()on  five  dis- 
connected filaments  which  are  at  lirst  more  or  less  curved  out- 
wards. If  the  filaments  in  this  condition  are  lightly  touched 
they  instantly  straighten,  carr\ing  the  anther-tube  up  a  little 
higher,  and  tlius  bringing  the  pollen  all  along  the  style  which  is 
enclosed.  After  a  short  time  they  resume  their  former  curved 
condition,  retracting  the  anther-tnbe  to  the  place  which  it  occu- 
pied before.  It  is  to  be  observ-ed  that  the  irritation  of  a  single 
fihiment  escitcs  only  that  one,  and  thus  the  tube  of  anthers  may 
be  pushed  over  to  one  side  for  u  few  minutes,  again  recovering 
itself  after  a  little  while. 

109G.  Sparmannia  Africana  has  a  clust^^r  of  beaded  filaments 
surrounding  tlie  pistil  and  variously  intermingled  with  the  sta- 
mens. When  these  are  touched  lightly  they  open  out  from  the 
centre  with  considerable  rapidity,  and  remain  thus  expanded 
for  a  certain  period,  after  which  they  revert  to  the  closed  posi- 
tion.    Somewhat  the  same  phenomenon   is  to  be  observed  in 


L 


■  Compta  Beiidua,  Ixi 


),  p.  339. 
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epecies  of  Portulaca,  where  the  stamens,  upon  contact,  move 
outwards. 

1097.  The  gynandrous  style  of  Stylidium  is  carved  down- 
wards ;  when  it  is  lightly  touched  it  suddenly  flies  to  the  other 
side  of  the  flower,  although  sometimes  it  merely  straightens 
itself. 

Sensitive  lobes  of  the  style  or  stigma  are  possessed  by  Mima- 
lus  and  some  other  Scrophulariaceae,^  bj'  Martynia,  and  some 
allied  plants. 

1098.  In  all  the  foregoing  cases  the  sensitiveness  is  greatest 
when  the  plants,  or  their  sensitive  parts,  are  kept  at  a  tolerably 
high  temperature.  Sachs  has  shown  that  the  most  favorable 
temperature  for  Mimosa  movements  is  about  36°  or  37°  C. 

1099.  Effects  of  ansBsthetics  upon  sensltlTeness  in  plants.  When 
a  3'oung  plant  of  Mimosa  is  placed  under  a  bell-jar  in  which  a 
sponge  wet  with  chloroform  or  an  equivalent  anaesthetic  has 
filled  the  confined  atmosphere  with  its  vapor,  some  of  the  leafiets 
droop  and  remain  so,  while  others  retain  their  normal  position. 
But  after  a  while  the  leaflets  will  be  found  to  have  lost  all  power 
of  reacting  to  a  touch ;  in  short,  they  have  become  insensitive. 
The  same  efflsct  is  observed  in  the  case  of  Barben*}*  stamens. 
Its  explanation  is  looked  for  in  the  changed  relation  of  the 
sensitive  cells  to  water  when  they  are  subjected  to  the  influence 
of  an  anffisthetic. 

1100.  Plants  possess  no  nervous  system.  That  sensitive  plants 
must  have  nerves,  or  their  equivalent,  for  the  recognition  of  im- 
pressions and  the  transn^ission  of  their  influence  to  a  somewhat 
distant  point  was  formerly  held  by  many  writers,  but  this 
opinion  is  not  now  entertained  bj^  any  physiologist.^ 


'  See  Ileckel's  Memoir,  Coraptns  Rendus,  Ixxix.,  1874,  p.  702. 

*  **  Finally,  it  is  impossible  not  to  be  struck,  with  the  resemblance  between 
the  foregoing  movements  of  plants  and  many  of  the  actions  performed  uncon- 
sciously by  the  lower  animals.  With  plants  an  astonishingly  small  stimulus 
suflSces  ;  and  even  with  allied  plants  one  may  be  highly  sensitive  to  the  slight- 
est continued  pressure,  and  another  highly  sensitive  to  a  slight  momentary 
touch.  The  habit  of  moving  at  certain  |>erio<i8  is  inherited  both  by  plants  and 
animals  ;  and  several  other  points  of  similitude  have  been  specified.  But  the 
most  striking  resemblance  is  the  localization  of  their  sensitiveness,  and  the 
transmission  of  an  influence  from  the  excited  part  to  another,  which  conse- 
quently moves.  Yet  plants  do  not  of  course  |K>ssess  ner\'es  or  a  central  ner- 
vous system  ;  and  we  may  infer  that  with  animals  such  structures  serve  only 
for  the  more  perfect  transmission  of  impressions,  and  for  the  more  complete 
intercommunication  of  the  several  parts  "  (Darwin  :  Power  of  Movement  in 
Plants,  1880,  p.  571). 


CHAPTER   XIV. 


REPRODUCTION. 


IIOI.  In  fidcDtiflc  as  well  as  popular  language  the  temi  indi- 
vidual is  comraonly  applied  to  caoh  and  every  plnut ;  but  if  by 
individual  is  meant  an  oi^anism  incapable  of  stilxlivisiun  nitb- 
out  loss  of  its  identity,  the  term  as  applied  thus  to  tlie  higher 
plants  is  obvionsly  a  misnomer.  It  bas  been  ahowu  both  in  Vol- 
ume I.  of  this  series.'  and  in  Part  I.  of  the  present  voluiue,"  that 
under  certain  circumstances  any  of  lliu  higher  plants  may  be 
separated  into  parte,  each  of  which  may  aflertvards  lea<l  an  inde- 
pendent existence.  Thus  buds  may  l)o  severed  from  the  parent 
plant  and  soon  establish  themEclves  as  independent  ot^aiiisms, 
capable  of  increase  in  size,  and  becoming  sooner  or  later  dis- 
tinguishable in  no  wise  from  the  stock  from  which  they  came. 
But  liiere  are  serious  dilllculties  in  the  way  of  regarding  these 
separable  buds  as  true  individuals:'  each  bud  is  the  promise  of 
a  branch,  and  consists  of  parts  which,  under  certain  conditions, 
may  be  separated  from  each  other.  In  fact,  the  vegetable  indi- 
vidual is  not  reached  in  such  mechanical  subdivision  until  we 
come  to  the  cells  of  which  all  the  parts  are  composed.  Nor  do 
these  satisfy  completely  the  definition  of  an  individual,  since  ia 
exceptional  cases  the  cell  itself  may  spontaneously  divide  into 
viable  paits.* 

1 103.  In  plants,  Indliidnalitf  Is  more  or  less  completelr  merged 
In  community.  Uniler  normal  conditions  the  separable  parts, 
while  still  attached  to  their  common  stock,  co-operate  for  the 
common  good.  If  separated  under  favorable  conditions  they 
in  Uieir  turn  become  stocks  in  which  are  combined  congeries  of 
similar  separable  parts,  or,  in  other  words,  become  individual 
plants,  in  tiie  ordinary  acceptation  of  the  terra.  For  instance, 
the  tuber  of  the  potato,  which  is  the  thickened  extremitj-  of  an 
underground  branch,  possesses  a  certain  number  of  buds,  each 


>  PajteSlO.  I  rRBul52.  102. 

*  Suuh  k  phenomenon  is  wmii  in  the  romiation  of  si 
nidia)  from  ■  tennitial  cell  of  AvblyS' 


i.  p.  314. 
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of  which  may,  in  suitable  soil,  give  rise  to  a  thrifty  plant:  the 
new  plants  will  in  their  turn  produce  new  tubers  likewise  with 
buds,  and  these  again  new  plants,  and  so  on  in  unlimited 
succession.  Nevertheless,  the  divisible  organisms  are  for  our 
pi*cscnt  purpose  conveniently  termed  vegetable  individuals.^ 

1103.  Plants  of  the  higher  grade  (Phsenogamous  plants)  are 
propagated  either  by  buds  or  by  seeds.  In  the  former  case,  a 
l>oilion  of  the  axis  with  incipient  leaves  is  separated  fi*om  the 
parent ;  in  the  latter  case,  a  new  structure  (the  embr}'o) ,  capa- 
ble of  independent  existence,  is  formed  b}'  means  of  a  special 
apparatus,  —  the  flower.  In  the  flower,  two  sets  of  sexual  or- 
gans, the  stamens,  constituting  the  andrcccium,  and  the  pistils, 
constituting  the  g^'noecium,  produce  b}'  tlieir  conjoint  action  an 
embryo,  or  undeveloped  plant,  within  the  seed. 

Reproduction  by  buds  is  non-sexual  or  asexual ;  that  by  the 
foi-mation  of  an  embryo  is  sexual. 

1104.  Non-sexual  reproduction  (Agamogenesis)  can  be  traced 
through  all  classes  of  plants,  —  from  the  higher,  where  it  takes 
place  through  proper  buds,  down  to  the  veiy  lowest,  where  it 
takes  place  b}*  a  single  cell  dividing  spontaneously  to  form  two 
or  more  separated  individuals. 

1105.  Sexual  reproduction  (Gamogenesis)  likewise  can  be 
traced  through  all  classes  of  plants  except  the  very  lowest, 
where  it  has  not  as  yet  been  demonstrated  to  exist.  As  the 
series  is  followed  from  above  downwards,  the  flower  gives  place 
to  other  structures,  and  the  seed  is  rephiced  by  simpler  bodies, 
known  as  spores. 

FERTILIZATION  IX  ANGIOSPERMS. 

HOG.  FlowernijT  plants  arc  naturally  divided  into  Anglo- 
sperms  and  (iyninospernis :  the  former  are  distinguished  by  the 
possession  of  a  closed  ovary  in  which  the  ovules  are  contained. 
The  latter  have  no  closed  ovary,  and  hence  the  ovules  are  naked. 
A  part  of  the  reproductive  apparatus  is  simpler  in  Gymnosperms 
than  in  Angiospernis  ;  but  owing  to  certain  practical  difficulties 
in  the  treatment  of  microscopic  material,  the  demonstration  of 
the  reproductive  process  is  less  easy  in  the  former  than  in  the 
latter.  It  is  proposed,  therefore,  to  begin  with  an  examination 
of  the  reproductive  process,  or  fertilization,  of  Angiosperms. 


1  The  view  lias  l)oon  held  by  some  tliat  all  the  derivntivos  from  one  seed, 
whether  united  or  separated,  constitute  collectively  a  single  individual. 
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1107.  Three  subjects  must  be  briefly  reviewed  before  enter- 
ing upon  tho  stud)-  of  the  process  itself;  namely,  tlio  pistU,  Ibe 
ovule,  aud  tlie  poUen-grain.  For  all  details  regarding  particu- 
lars of  form  aud  8i>ecial  morplio logical  relaUons,  pages  249-285 
of  Volume  I.,  and  Cliapter  IV.  of  tlie  present  volume  may  bo 
consulted. 

11U8.  The  ansiospcrmoDS  pistil  (see  Fig.  19f>)  consists  of  a 
closed  ovary  containing  the  ovules,  wliich  is  generally  piolongcd 
into  a  slender  organ  known  as  tlie  »tyU.  Eitlicr  some  poition  of 
tlie  style,  or,  when  tiiis  is  wanting,  some  portion  of  tlie  ovary,  is 
furnished  with  a  peculiar  secreting  surface  known  as  the  stiifma. 
Tlio  manifold  shapes  of  ovary,  stjle,  and  stigma  have  been  suf- 
ficiently descrilMd  in  Volume  I.,  and  the  microscopic  stnicturo 
of  each  has  been  examined  in  a  general  way  in  Part  I,  of  the 
present  volume.  From  what  was  tliere  said,  it  will  !»  remem- 
bered that  tlic  form  and  structure  of  pistil  and  stamens  have 
intimate  relations  to  the  transfer  of  pollen  and  its  reception  by 
the  stigma. 

1109.  The  stl^matlc  secretion.  The  surface  from  which  this 
exudes  may  exist  as  an  expanse  of  considerahlo  exU^nt,  or  it 
may  have  llio  form  of  single  or  double  lines,  or  be  reduced 
even  to  a  mere  poiut.  Tho  extent  of  the  stigmutic  surface 
bears  a  fixed  relation  to  the  number  of  ovules  in  tho  ovary. 

At  a  certain  period  in  the  development  of  the  flower,  the 
stigma,  which  up  to  that  time  may  have  lieen  apparently  free 
fVom  moisture,  becomes  covered  with  a  glutinous  secretion  of 
a  saL-charlne  nature.  At  this  period,  known  as  that  of  ma- 
turity, the  stigma  is  from  ita  ataclciuess  likely  to  catch  and 
retain  upon  iU  surface  any  pollen  which  may  fall  thereon. 
Tlie  secretion  la  generally  slightly  acid '  in  reaction,  and  is  as 
variable  in  the  amount  of  sugar  which  it  contains  as  ordinary 
nectar. 

1 1 10.  The  pollen-grains  of  angiosperms  when  set  free  from 
the  cells  in  whicli  they  are  produced  may  become  completely 
isolated  (simple  grains),  or  they  may  remain  firmly  coherent  in 
clusters  of  four  (Typha,  Rhododendron,  etc.),  eight,  sixteen, 
thirty-two,  or  oven,  as  in  some  species  of  Acacia,  sixty-four 
(•*com|K)und  grains").  In  many  Orchidaceae  the  grains  are 
mon-  or  less  compactly  fastened  together  into  masses  by  a  glu- 
tinous matter  forming  polliiiia,  and  much  the  same  grouping 
into  masses  occurs  in  Asclcpiadaceie. 
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1111.  Stmctore  of  pollen-^ains.^  The  grains  consist  of  sin- 
gle cells  haviug  a  firm  membrane  and  heterogeneous  contents. 
The  membrane  is  rarely  single  (as  in  Zostera),  being  generally 
composed  of  two  coats,  —  an  outer,  the  eoUine  (called  exine  by 
Schacht),  and  an  inner,  the  intine.  The  extine  may  be  smooth, 
but  it  is  frequently  beset  with  protuberances  of  some  kind,  points, 
prickles,  or  other  sculpturings,  which  may  be  characteristic  of 
genera  or  even  larger  groups.  It  is  also  provided  generally 
with  one  or  more  partial  or  complete  perforations,  which  are  of 
course  fully  closed  by  the  intine  which  is  pressed  up  against 
them.  The  number  of  these  perforations  is  constant  in  certain 
groups  of  plants :  for  instance,  one  in  most  monocot3*ledonous 
plants ;  two  in  Ficus,  Justicia,  Beloperone ;  three  in  Onagraceie, 
Geraniacese,  Composite ;  four  to  six  in  Impatiens,  Uimus,  and 
Alnus ;  many  in  Nyctaginacea,  Convolvulacefle,  Malvaceae,  and 
some  Caryophyllaceue.  Under  the  action  of  concentrated  sul- 
phuric acid  the  intine  is  destroyed,  while  the  extine  generally 
remains  unchanged  except  in  color." 

When  the  pollen  of  Thunbergia  is  acted  on  by  strong  sulphuric 
acid,  the  destruction  of  the  intine  permits  the  extine  to  uncoil 
as  a  band.  In  no  case  did  Schacht  detect  any  perforation  of 
the  intine. 

1112.  The  contents  of  a  pollen-grain  are  (1)  protoplasmic  mat- 
ter; (2)  granular  food  materials,  such  as  starch,  oil,  and,  ac- 
cording to  Schacht,  inulin ;  (3)  dissolved  food  matters,  sugar 
and  dextrin.  These  heterogeneous  contents  form  what  was 
formerly  called  the  fovilla. 

In  the  granular  protoplasmic  matter  of  pollen-grains  it  is  pos- 
sible to  demonstrate  the  existence  of  a  nucleus,  and  in  some 
cases  two  nuclei  can  be  made  out  distinctly.  It  is  considered 
well  estiiblisbed »  that  the  single  nucleus  which  exists  in  the 
simple  grain  at  the  period  of  its  separation  from  the  mother-cell 
divides  in  most  cases  into  two  nuclei  of  unequal  size.  The  larger 
of  the  two  fragmental  nuclei  remains  with  no  change ;  while  the 
smaller  may  become  partitioned  off  from  the  rest  of  the  cell  either 
by  a  true  cell-wall  or  by  a  peripheral  film  of  protoplasm,  and  may 
later  divide  and  form  a  gi'oup  of  two  or  four  minute  cells. 


*  Tliesf  details  are  summarized  chiefly  from  Schaclit's  exhaustive  treatise 
on  tlic  subject  in  Prinf^sheim's  .lahrbiicher,  ii.,  1860,  p.  109. 

2  In  some  cases  a  double  membrane  can  be  shown  in  the  extine,  for  instance 
(Enothera,  where  the  extine  separates  into  a  true  extine  and  an  intexline. 

»  Strasburger :  Ueber  Befruchtung  und  Zelltheilung,  1878.  See  also 
Quarterly  Journal  of  Microscopical  Science,  1880,  p.  19. 
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1113.  TliQ  polten-grnins  of  many  plants  buret  wlien  placed  in 
wat«r,  onii  lUo  fovUla  oBcapes  as  a  slightly  cohcn-nt  mass  whiuh 
soon  becomes  more  diffused  and  allows  the  finer  granules  to  pass 
into  the  water,  where  they  immediately  cxliibii  the  Browuian 
movement,  common  to  all  minute  particles  suspended  iii  a 
liquid.' 

1114.  If  pollen-grains  are  placed  in  a  solution  of  sugar  in- 
stciid  of  in  pure  water,  they  will  increase  somewhat  in  size; 
anil  in  a  few  hours,  if  the  ^(lecinieu  is  kept  at  the  right  tem- 
perature, there  will  appear  at  some  point  of  the  surface  of  each 


grain  a  minute  lube,  which  by  great  care  can  be  cultivated  in  A 
prof>er  medium  until  it  attains  a  length  of  several  millimeters.* 

1115.  The  pollen-grains  of  TulipaGesnerinna  emit  their  tubes 
in  a  1  to  3  per  cent  solution  of  cane-sugar ;  the  followiag  require 
a  somewhat  stronger  syrnp :  Lcucojntn  eestlvum  and  Narcissus 
poeticns,  3  to  5  per  cent ;  most  orchids,  5  to  10  per  cent;  Con- 
vflllaria  majalis,  5  to  20  per  cent;  Iris  sibirica,  30  to  40  per 
cent," 


I  Far  an  puti'ndpd  account  of  the  specaUlioiiB  ont»  huvil  upon  the  occnN 
mnw  ill  WBtrr  at  moCiDn  of  tbe  partiolea  at  the  farillii,  thv  reoAn  ■liODid 
consult  Mefrn:  Pflanienphyaiologip,  iii.,  1B30,  pp.  1D2  rt  aaj. ;  and  >1m  the 
ramnrklbie  trpstise  by  Itol>ert   Brown. 

'  Schlnden  atates  that  pollen-grains  wliich  come  accidentally  in  contiot 
with  niwtar  rmdil)'  Knd  out  tubei :  and  that  we  oftrn  find  at  the  bane  of  tlia 
Hovrfir  a  whole  mttm  of  confervoid  web,  which  coniintii  ot  entiiiigled  pnllen- 
tubiM  oriiilted  in  thU  manner  (Prindplei  of  Scicntllic  Botui;,  ISIS,  p.  403). 

■  Slruburger:  Dai  botanuche  Prw-ticom,  1884,  p.  611. 

FlO.  IN.    a.rnang  pollen-iraln of  Allium  flatalomini,  befm  lu  <1lTl>lnn 


Monotnin  Hy|B>|il()'*  <l1vli1i>l 
pan;/.  Htalamntgralnaartli 
mnniiUnn  nflfaa  poUan-talM  ol 


iplaam ;  if.  jnant  pnllrn-Bi>li>  "f 


pollen  ot  Ptatanlhari 


wlUoh  dw  two  nuclei  p*M.    |atf1» 
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IIG,  When  a  pollen-grain  is  dcpositi^d  Dpon  a  fitting  stigina.' 
St  Ibe  iKiriod  wlien  the  stigmatac  secielion  is  siiffluientiy  ubau- 
dant,  it  increases  somewhat  in  size,  and  soon*  a  tube,*  sometimes 
more  than  one,  is  tlirust  forth  and  passes  immediately  into  tli6 
loose  tissue  of  the  stigmativ  surface.  The  tube  consists  of  ) 
protrusion  of  the  inline,  and  its  place  of  emerging  is  at  80i 
one  of  the  perfonUions  of  tlie  cstinc.  In  some  Instances  t 
wall  separating  the  larger  and  the  smaller  fragments  of  1 
.  oiginal  nucleus  of  the  pollec-grttin  becomes  absorbed, 
'  then  the  two  nuclei  make  their  way  into  the   tube   as   it  \ 


^w 


prolonged.     During  Its  descent  the  pollcn-tulre  is  slender,  i 
I  about  tUe  same  calibre   tiiroiigliout,  aud   lias  extremely   tUin 
I  frails.    It  extends  thvougli  the  conducting  tissue  of  the  style, 
Iwing  nourished  by  the  nutrient  matter  secreti'd  from  the  (.-ells  of 
that  tissue,  until  it  at  last  reaches  the  cai-ity  of  the  ovarj-. 
1117.  According  toCapus,*thc  extent  of  the  stigmntic  sort 
I  Ibeiira  a  definite  relation  to  that  of  the  conductive  tissue  of  % 
style,  one  surface  being  in  fact  a  mere  expansion  of  the  oth 
and  the  volume  of  the  conductive  tissue  of  the  style  is  govern 
by  the  number  of  ovules  which  arc  to  be  fertilized.    Thus,  ii 


*  An  interesting  account  of  the  nrtifiual  fertiliration  of  certain  pUnU  tit 
&e  Poppy  family  n[trr  removil  of  the  sligmaa  is  given  bj  ilookpr  in  "  The 
Qanlenera'  ClironicU,"  18ir.  It  is  not  knoira  that  the  eiperimenta  have  yat 
bwn  repeated. 

'  Acmrding  to  fiSrtner,  the  emission  of  the  poUpn-tabe  hr^na  in  w»ti« 
m  in  bfilf  a  minnte  nfter  the  pollon  has  b«en  ajiplied  to  the  stignw  ;  but  in 
ne  othere,  as  id  Hirabllia  Jalapa  and  in  the  UolracuB,  it  t«kcs  fram  14 
t«  M  hounu 

*  Amici,  in  ]a22,  sppraira  to  have  bfon  the  first  to  delect  the  pollen 
His  earliest  observation*  were  made  njion  Portulac*  oleraces. 

*  Anntles  dcs  Sc.  tiat.,  air.  B,  tome  vii.  p.  20t. 


Fio 


Arrirstnt  (hr  enltlTatlnK  T>nll<!n-lti^l>><i  ele,    Tba  object  I*  placed 
alileof  a  e'im  co^r  ovor  Ibe  drcleal  a.    KnoorHary.  sir  ran  bc'Ir 
ibe.    A  (Iniplar  caalrirance  ma;  bo  made  ft-om  a  ptece  of  motal  t«alebtwnl. 
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pistil  Willi  a  large  ntimbcr  of  ovules  the  stiginalio  surface  is 
large,  as  is  also  the  amount  of  conductive  tiaeue  of  tliu  style 
through  wliicli  the  polk'n-tubes  arc  to  descend. 

1118.  The  conductlre  tUsno  through  which  the  pollen-tube 
descends,  ami  hy  which  it  is  nourished,  is  formed  at  tbe  stigma 
by  a  modiOcation  of  epidermal  cells,  and  below  this  arises  from 
modiflcations  in  the  purencbvma;  in  the  style  it  may  constitute 
a  solid  mass  of  delicate  cells,  sometimes  with  walls  whiih  have 
undergone  the  mucilaginous  modidcution,  or  it  may  simply  line 
the  hollow  tube  which  is  occasionally  found,  us  iu  tlie  pistil  of 
the  violet. 

1119.  Tlie  ttno  reqnired  tor  the  descent  of  the  polIen*tDbe  de- 
pends upon  the  k'ligtii  and  cliaractcr  of  the  path  the  tube  is 
to  traverse,  and  is  vcrj'  dilTerent  in 
dilTerent  coses.  Ilofuieistcr  states 
that  in  Crocus  vernus,  with  a  stylo 
which  is  from  one  to  two  inches  in 
length  or  sometimes  more,  the  tube 
reaches  the  ovary  in  from  one  to 
three  daj-s.  Schleiden  •  gives  the 
following  times  required  for  descent 
of  the  tube :  Cerens  grandiflorua, 
having  a  style  nine  inches  long,  a 
few  hours ;  Colchicum  autumnule, 
with  a  style  tliirteen  inches  long, 
twelve  hours.  In  aoinc  other  cases 
(ccrtttin  orchids)  it  is  weeks  before 
the  end  of  the  tut>e  has  descended 
for  even  a  very  short  distance. 

11*20.  A  single  pollen-grain  of 
some  flowers  can  emit  more  than 
one  pollen-tube  ;  thus  Amiei  h.is 
seen  twenty  to  thirty  tiibea  proceed 

from  one  grain.  Pollen-tubes  sometimes  branch  in  their  course 
downward. 

1121.  The  length  of  time  during  which  pollen-grains  can 
preserve  their  vitality  has  been  determined  for  a  few  cases :  * 


\  ^mi^i^M^T? 


1  Srhlrideo:  Prinritjlcsof  ScirntiHc  BoMny,  ISO.  p.  407- 
'  Giirtuer,  quoted  by  Mohl ;  Vfgruble  Crll,  p.  134. 


Fin  tM.    IkftamnofalanKlmrllTiftl 
bull  pItueiitUlon,  dniEnod  tonh"  ' 


Kftsd,  M  1(  uiullr  tlw  a 


le  oOnphere.    Tlis  oTole  la  MUttropotu,  uid 
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Those  of  Hibiscus  Trionum  at  least  three  days  after  remoyal 
from  the  authcr ;  those  of  Chciranthus  Cheiri,  fourteen  daj's ; 
tliosc  of  Camellia,  Cannabis,  Zea,  and  Phoenix  daetylifera  (Date), 
one  vear. 

1122.  Although  each  ovule  requires  for  its  impregnation  only 
one  pollen-tube,  the  number  of  pollen-grains  in  flowers  which 
open  at  maturit}*  is  far  in  excess  of  the  number  of  ovules.  The 
ratio  has  been  ascertained  in  a  few  cases,  among  which  are 
the  following :  Cereus  grandiflorus,^  250,000  grains  of  pollen 
to  30,000  ovules;  Wistaria  sinensis,*  about  7,000  grains  of 
pollen  to  each  ovule ;  Hibiscus  Trionum,*  4,863  grains  of  pol- 
len to  about  30  ovules.  In  some  other  cases,  for  instance  Geum 
urbanum,*  the  excess  of  pollen  over  ovules  is  about  10  : 1. 

1123.  The  localization  of  the  conductive  tissue  in  the  ovary 
itself  is  sometimes  veiy  marked ;  thus  in  ovaries  with  parietal 
placcntation,  the  ovarian  walls  in  the  immediate  vicinity  of  the 
ovules  are  seen  to  be  distinctly'  conductive,  while  in  those  with 
axile  placcntation,  the  modiGed  tissue  is  found  in  the  axis. 
Capus  distinguishes  the  following  varieties  of  conductive  pla- 
cenUe:  (1)  with  a  smooth  surface,  the  micropyle  being  dose 
to  the  placenta,  6.  ^.,  Solanum ;  (2)  papillar,  the  papillae  either 
simple  or  compound,  sometimes  serving  to  guide  the  pollen-tabe 
to  the  micropyle,  e.  g.^  some  Cucurbitacece ;  (3)  hairj^  the  hairs 
sometimes  secreting  a  mucus  or  even  breaking  down  into  a 
gelatinous  mass  tlirough  which  the  pollen-tube  ma\'  penetrate 
with  facility,  e,  ^.,  some  Aroids.  Special  names  were  formerly 
given  to  peculiar  forms  of  the  conductive  tissue,  but  the  terms 
now  possess  no  utility.  For  special  examples  of  the  forms,  the 
reader  must  consult  the  practical  exercises  at  the  end  of  this 
volume. 

1124.  Strnctoro  of  the  ornle.  As  shown  on  page  175,  the 
ovules  arise  as  minute  protuberances  at  some  part  of  the  ova- 
rian wall  or  upon  the  axis  of  the  ovary.  In  orchids  the  pro- 
tuberance consists  of  only  a  single  row  of  cells ;  but  in   most 


1  Morren.  ^  Gardeners*  Chronicle,  1846,  p.  771. 

*  Ktjlreutcr  :  Vorlaufigc  Nacbricht  (quoted  by  Balfour :  Class  Book  of 
Botany,  p.  564). 

*  Gartner  :  Bcitni;;e  zur  Kenntniss,  p.  346  (quoted  by  Darwin  in  **  Effects 
of  Cross  and  Self  Fertilization  in  the  Vegetable  Kingdom,"  p.  377). 

The  following  are  some  of  Hassall's  determinations  of  the  number  of  pollen- 
grains  (Annals  of  Nat.  Hist,  viii.,  1842,  p.  108):  Dandelion,  243,600  grains  ; 
a  flower  of  Peony,  with  174  stamens  each  containing  21,000  pollen-grains, 
3,654,000  ;  while  in  a  plant  of  Rhododendron  the  number  of  grains  was  esti- 
mated to  be  72,620,000. 


STRUCTUBH  OF  THE  OVOLB.  iad 

Other  eases  scvcrnl  rows  of  cells  are  superposed,  furmiug  the 
ImxIj-  known  in  morpholt^y  as  the  nncluus  of  the  ovule.  This, 
to  avoid  the  possibility  of  evcQ  sliglit  confusion,  will  be  now 
spfjken  of  aa  ttie  nuceUua. 

Thiit  tlu3  distinction  is  necessary, 
will  apjicitr  from  the  fact  that  in  one 
of  the  large  cells  of  Ibis  Iwdy  there 
is  a  true  cell-nucleus  which  under- 
goes remarkable  changes,  all  of  which 
mnst  be  described.  It  should  tliere- 
fore  be  remembered  tbat  in  the  fol-  -j' 

lowing  discussion  the  term  nnceHua  -X^ 

means  exactlj'  that  which  in  Vohime 
I.  pnge  277  ia  called  nucle^i*  o/  the 
ovule. 

1125.  Around  the  nucellus  there  is  developed  in  most  in- 
8tani«s  a  double  ring,  which  soon  nearly  invests  it,  forming  an 
inner  and  an  outer  coat.  Attention 
has  been  called  in  Volume  1.  to  the 
fact  tlint  the  integuments  of  the  ovule 
do  not  completely  invest  the  nucel- 
lus, but  that  tberc  is  at  its  true  apex 
an  orideo  known  as  the  foramen  or 
niicropyle.  It  has  also  been  shown 
that  by  a  peculiar  distortion  during 
its  development  the  ovule  may  be 
so  bent  round  upon  its  support,  the 
fbniculuB,  as  to  have  the  micropyle 
present  itself  towards  the  placental 
attachment.  Hence,  when  tlie  apex 
jjg  of  the  ovule  is  spoken  of,  the  micro- 

pylar  estremity  is  meant. 
1120.  At  the  micropylar  extremity  of  the  forming  ovule,  a 
single  cell,  beneath  the  surface  (except  in  orchids  and  some 
saprophytes) ,  elongates  in  the  direction  of  the  length  of  the  ovule, 
nnd  by  one  or  sometimes  many  transverse  and  vertical  partitions 
becomes  divided  into  segments  of  une<iual  size.  The  lowest 
segment  continues  the  elongation  and  the  enlargement  of  the 
structure  thua  formed  within  the  ovule,  known  as  the  embryo 


Fii>.  IBT.     LoniitadlDiil  • 
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Bc.  During  the  salteequent  derelopmcnt  of  the  ovule  the 
lubrj'ODal  sac  contiuucs  to  increase  in  size,  often  irregularly, 
and  displaces  or  obliterates  by  absorp- 
tion many  of  the  cells  around  it 

1127.  At  an  early  period  in  the  de- 
velopment of  the  embrj'onal  sac  it  is 
completely  filled  with  protoplasm  con- 
taining a  cell-nucleus.  This  nucleas  di- 
vides, and  the  two  oew  nuclei  are  bood 
found  at  opposite  ends  of  the  sac,  where 
each  divides  into  four  nuclei.  Between 
the  two  groups  of  four  nuclei  there  may 
bo  a  vacuole  of  considerable  size. 

The  next  stage  is  marked  by  the  pas- 
sage of  a  nucleus  from  each  ciktremity  of 
the    embryonal   sac  towards   its    <%atre, 
I  where  they  become  united  to  form  a  sec- 

t  .-J   .     |-  _.  "j  ondary  nucleus. 

^''*''jgg  1128.   The  nuclei  at  the  lower  end  of 

the  sac  become  surrounded   with  other 

protoplasmic  matter,  and  later  by  cell-walls ;  they  then  codbU- 


tutc  what  hnvc  beon  toj-med  the  antipodal  eelh.     At  the  upper 
end  of  the  sac.  also,  the  throe  nncioi   become  surronn<ied    bv 

Fill,  im.    T.»n|!ltnrl1iin1ivrtlnnnftliaor(Iin(ropi>iHfl 
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more  or  less  protoplnsmit!  ninlUr,  but  arc  nol  invested  by  : 
trae  cell-wall :  Iht'se  have  hevn  U-rmed  the 
^g-apparatiis.  Two  of  lliese  naked  nu- 
cleated bodies  arc  somewbnt  attcnuatetl  at 
tlieir  upper  jMi-t  and  rounded  below ;  the 
slender  portion  cuntninn  the  mideua.  tbc 
ronndod  a  vacuole.  The  botlies  are  tei-med 
the  nynergidcB.  Tltc  i-cniainiiig  cell  is  near 
the  tower  extremity  or  the  two  jnst  de- 
scrilied,  and  is  known  as  the  oStiphere. 
All  of  these  parts  are  Bhown  in  the  fig- 


Siieh,  then,  is  the  stnicturo  of  the  em- 
bryonal sac  and  of  the  egg-apparatiis, 
wIkti  the  extremity  of  tlie  jrallen-tiibc 
emerges  into  the  caiity  of  the  ovary  and 
comes  in  contact  with  the  niicropyle,  or 
foramen.  It  has  been  shown  by  Stras- 
burger,  that  when  contact  takes  place  be- 
tween the  pollen-lube  and  the  summit  of 
the  embryonal  sac,  one  of  the  syiiergidie 
changes  its  character ;  its  rather  clear  pro- 
toplasm becomes  tnrbid,  its  vacnole  and 

Diiclcua  disap|>ear,  and  with  a  slight  eon- 
traction  llie  mass  becomes  finely  granular, 
after  wliich  it  coalesces  with  the  oJisphere. 
At  tliis  time  the  oosphere  also  undergoes 
the  following  changes:  it  clothes  itselt 
with  a  thin  film  of  cellulose,  and  in  its 
protoplasmic  mass  a  well-marked  nucleus, 
probably  derived  as  such  from  the  i>ollen- 
tube.  appears  by  the  side  of  the  nucleus 
of  the  oosphere,  sometimes  of  the  snmc 
size,  sometimes  smaller.  The  two  nuclei 
blend,  forming  a  single  ovoid  Ix>i1y,  with 
distinct  or  with  confinent  nucleoli.  Even 
if  at  first  distinct  the  nucleoli  may  be- 
come confluent  at  a  later  period.     The 


nnbTTtH  wllh  coCf  leJo 
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other  e.vncrgide  remains  nDchangcd,  or 
liasses  ihrougb  nearly  the  same  changes 
UK  Ihusc  described.  It  should  be  said 
tliat  iu  6ome  iuetADces  tbe  imllen-tube 
passes  dowD  wilhout  apjiarcntly  affect- 
ing the  sjnet^idse  to  any  very  marked 
extent,  but  producing  its  influence  dj- 
i-cctly  upon  the  oosphcre. 

1129.  These  chang<?s  now  descri lied 
in  the  oospbcre  are  known  collectively 
as  those  of  fertilization  or  impregnation ; 
tbe  feitilized  or  impr^nated  oospbere 
is  termed  an  oospore.  It  passes  through 
a  aeries  of  changes  by  trhich  a  second 
cell  is  formed,  then  others  in  a  linear 
series,  or  in  a  more  complex  chain, 
termed  tbe  proembryo  or  suspensor. 
In  some  eases,  however,  no  suspeoMC 
at  all 


ralnped  man  than  In  ng/S^T 

point  of  growth;  «,  BatiKriHari  pi, 

"■•  -    '*■,  root-cup.    {Ilaiutctm) 
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TalnrmenloTlbasmtnya:  A,<^.  if.  upFcUot  (lie  embryudltlded  IntaqiiulraDtB;c^,y, 
irerent  Tien  of  [hi  nnbrjia  « ths  IMmattnti  nl  Itae  dnmiBtaiBii ;  i,  longlliuUBal  •«■ 


FERTILIZATION   IK   GTMN08PERMS. 


4S| 


L 


1130.  The  terminal  cell  of  the  suapcnsor  is  followed  by  the 
initial  cell  or  cells  of  tlie  embryo  projier ;  the  difTcrciit  stages  of 
iLe  development  of  the  embryo  can  be  traced  iu  the  ovule  of  one 
ofotir  most  common  weeds.  Capsclla  (compare  Figs.  203-205). 

The  cofle  above  described  is  a  simple  one.  but  may  8er\'e  as  a 
type  of  all  normal  casea  of  fertilization  in  angiosperms.  the  innii- 
DU'rablc  deviations  from  which  cannot  be  fuither  alluded  to  here.* 

1131.  With  the  changes  in  the  cinbiyo  sac  there  are  concomi- 
tant changes  in  the  wliole  niicellus  and  its  integuments.  A 
cei-taia  amount  of  food  of  some  kind  (see  509}  is  stored  either  iu 
the  sac  or  in  the  developing  tissues  around  it,  couetituting  the 
so-called  albumen  of  the  seed.  If  all  the  food  is  vithin  the 
developing  embryo  sac,  it  is  termed  endosperm ;  if  around  it, 
the  perisperm.  But  the  changes  do  not  slop  with  the  ovule  aa 
it  ripens  into  a  seed  ;  they  go  on  also  in  the  surrounding  parts. 
In  fact,  as  soon  as  fertilization  has  begun,  the  flower  wilts,  and 
in  most  cases  the  external  organs  fall.  The  ovary,  sometimes 
with  associated  pails  such  as  the  calyx,  the  receptacle,  etc., 
passes  through  changes  by  which  it  becomes  the  fruit. 

FERTILIZATION  IN   GYMNOSPEEMS. 

1 1 32.  The  chief  differencea  between  the  reproduction  in  these 
plants  and  that  iu  those 

just  described  are  in  the 
preliminary  development 
of  the  pollen  and  the 
ovule. 

1133.  JPolUnofgym~ 
nonperms.  The  grain 
is  distinctly  divided  by 
a  cui-vcd  partition  into 
two  portions,  and  one  of 
these  portions  is  fre- 
quently divided  in  mnch 
the  same  way  into  two 
pa  its.  Comparison  of 
this  pollen  with  that  of 

1  The  itadeat  is  urged  to  atndy  Kitli  great  care  the  ladsterly  treatue  by 
StrasbDrKer,  Uaber  Berrucbtuiig  aud  ZelltheiluD)^  1S7S,  uid  the  more  succinct 
nhia  rraclipum,  18Bi. 

4,  |vill«n-irniln*of  BJcvhAbflfbFfl  their  MT^pomtm  the  fvUm^H.    /,  frnfa, 
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angiosperms  shows  that  in  the  latter  the  nucleas  divides,  bat 

tliat  the  division  stops  here,  no  true  dividing- wall  being  formed. 
1134,  Ooule  of  gymnaaperma.  Tho 
ovule  is  always  orthotropous.  It  has  an 
integument  which  is  sometiaiea  prolonged 
80  as  to  form  a  fleshy  tube  oommuuicating 
with  the  nuccllus. 

The  nucelluB,  like  that  of  angiosperms, 
(.-ontains  an  embryonal  sac;  at  sn  early 
stage  tliis  is  filled  with  endosperm,  which 
it  will  be  remembered  is  not  developed  in 
angiosjwrma  until  after  fertilization.  Some 
of  the  upper  cells  of  the  endosperm  are 
rather  lai'ger  than  the  others,  elongateil  in 
the  direction  of  the  axis  of  the  ovule,  and 
each  surmounted  by  a  "  rosette  "  of  minute 
cells  which  comes  between  the  group  and 
the  summit  of  the  embryo  sac.  These  large 
cellt   with  their  rosettes,  are  termed  cor- 

jmscules    These  corpuscules  are  considered  oospheres     Around 

theni  in  the  embryo  sac  there  ap 

pears  to  be  notbmg  corresponding 

slnclH  to  tlie  s^nergidse  the  "in 

tipocial  cells    etc     obsi.rveil  in  tlie 

an5;iosi»erm'f     altlioiigb   some    ho 

nfologu  s  hai  l  bten  pointi  d  out 
III  some  cnsLs  like  that  filmed 

thcic  IS  a  sort  of  dtprcssion  at 

the    suumiit    of    the    endoiperni 

ninth  Ins  been  called  the  polhnic 

thmibfr 

111)      Contact  of  pollen  mth 
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seedwl;  no  stigma  or  style  nilcr- 

veiiL'S  between  tho  pollen  and  the 

ovule.     AVhrn  the  dividiil  pollen 

of  llic  pymnospi'rm  fulls  upon  the  micropyle  of  the   ovule. 
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tliids  there  a  certain  amount  of  moisture  by  means  of  wliich  a 
tube  is  formed  from  one  of  tlio  large  cells.  This  extends  directly 
into  tUe  tissue  of  tlie  nuccllns,  coming  sooner  or  later  into  con- 
tact nilh  tUe  summit  of  tbe  embryonal  sac,  and  then  affecting 
the  corijuscnles  below.  From  the  fertilized  corpuseule  the  embr]'o 
is  developed.' 


'  For  tbe  purpose  at  aObnling  Mnia  msMis  of  compariion  of  the  methods  of 
reproiluetion  in  llowering  plunta  and  in  tbaw  or  a  lower  gnde,  the  falluwiiig 
brirf  noti's  coDmrning  the  reproduction  in  wTeral  of  the  groups  ol  Cryptogiuns 
have  been  inwrtMl :  — 

(1)  Nu  aexoal  ivproiluction  hss  jet  been  demanslnited  in  the  very  Inwoat 
fomis  of  v^fetstioii.  Suoh  plotiU  are  tcmi«d  Protophyies.  Tbe  fungi  wliiuh 
are  asiHwialed  with  fenuenUtioti  aiid  pucreCiiclion,  and  certain  of  ihe  simplest 
algiT,  are  examples  of  Ihe  group. 

Id  the  stad;  ot  the  Prolnphyles  the  hrginner  can  examine  with  profit  the 
eella  of  oniiniDii  yeaai.  Care  ahould  be  taken  to  diKtinguiBh  brtw(<en  thu  evils 
of  Iha  ptnnt  uid  the  gruins  of  ilarch  with  wbiuh  eotnprtoed  y cut  is  geootalljr 

The  nimplii  onc-colled  plants  with 
chloTophylt  H  hich  belong  tu  thix  group 
can  bo  found  in  almost  itnjr  stagnant 
water.  Tbey  are  spherical,  ami  are  fre- 
quently groupeil  in  twos  or  foufB. 

(2)  The  Kiual  procmsin  Zyf^phytea 
is  chanuteriied  by  tbe  confluents  of  the 
protopbumic  mssws  of  two  VCI7  limiUr 
cells  by  whivh  a  new  nisse  is  formed 
as  the  starting- point  of  Ihe  new  indi- 
vidual. In  moit  of  thrau  xygopfayte* 
there  is  no  plain  distinutiou  of  an. 
Some  of  the  lower  moulda  and  many 
of  the  fllamentoaa  alga  sru  rxjunplea 
of  tbe  group. 

Excellent  ■pcdnii^ns  for  study  may 
he  round  in  stagnant  or  tlow-rnnning 
walEr  in  spring  and  through  tbe  sum- 
mer. By  eoivful  siNUich  it  is  poasifale 
to  detect  cnsrs  in  whieli  the  process  of 
coi^jugation  has  tdvani'ed  somewhat: 
sDch  apecimeu  can  ba  krpt  nndir  ob- 
scrratiou  liy  baring  the  slide  ■uOtuienlly  '— 

warm  and  constantly  nipplie>t  with  freth 
watir.  when  the  ditlisrcul  stagM  of  coigogation  and  of  cell-divLsion  may  be 


I 


iued. 


ApjuMiluialliMt  will  ur  I 


L 


tllamraUnc  Ibe  mode   oT  Airtlllitalinn  li 
ieH«U*bB«ime«inaa>nt,  fnrmlne  a  slncl' 


Ilia  ZriophTIce, 


SEFBODtJCnON. 


I13C.    It  iras  formerly  tliougbt  that  no  clear  grndattoDs  couM 
be  detected  between  tbc  flowering  plants  and  the  higher  groups 


(3)   Oopbjtea.     In  this  group  a  i 
is  loitilized  by  specialized  tliruiJa  o 


LOSS  of  protaplnsm,  known  aa  bd  ooeplieTE, 
bleodcr  iiuuAea  of  prutoplosniic  luotter 
termed  an tliprozoiils,  coming 
Srota  auotlier  part  of  tiie 
name  or  of  mother  planl. 
By  contnct  with  these  ■»- 
llieroioids  the  o6»plieri!  be- 
comes an  ounpore,  Iho  ■teit' 
ing-point  aft  now  individual. 
In  this  (troilp,  of  which 
Fucns  or  rock-weod  may  bn 
taken  at  an  examjile,  the 
fertitiution  is  direct. 

lu  theeJCaminotioDof  this 
group  the  student  nmj  em- 
ploy the  rommon  rock-veed 
whii^h  CAFixts  the  bonldets 
■lonit  the  cosst.  Sectiona 
should  be  mado  in  the  un- 
even pustulated  part  of  tlie 
(hind,  and  in  a  TcrtiwJ  di- 
rection.  Good  preparation  ■ 
csD  be  obtained  Ironi  mate- 
210  rial  which  has  been  dried  of 

nxnn   that  which   lias   been 

kept  in  alcohol,  and  winter  specimena  will  be  found  Bsjietially  good. 
Some  of  the  specips  arc 

dlfeaioua,  having  the  male  ^  10^ 

elements  in  the  conceptarlta 

on  one  plnnt  and  the  female 

elomenta  in  thou  apon  aa- 

<!}    Carpophytes.      The 

dtopleat  plants  of  this  hct- 
«rog?necnis  group  are  illus- 
trated by  Fig.  211.  The 
oiiaphen  ia  contained  in  a 
specialized  organ  (the  car- 
pi^Dium),  which  is  fre- 
quently prolonged  to  form 
■  ityle-like  process  (the  tri- 

ehogyne).    Theanlheroioids  ^' 

ara  carried  by  water  to  this  process,  sud  fertilizatian  results;  the  prodni 

Fio.  210.  Fnoni,  [Unnntlng  the  brtlUiallon  of  an  oSphyte.  a,  Hctlon  (Iitotigl,  ■ 
•oncoptacle  oiblblUng  Uie  rspnuluclln  orgaoa;  b  and  c.  tlie  nSapIieiea  Id  dlfltewi 
■Mensof  develnprneiiE ;  rf,  antheiiilla  wllh  a  single  antbDnHtald  (y);  e,  on  oOrplwr* 
aaCTOanded  bj  anthsnnalil*:  /.  an  oaphere  germlnallng.    IThuret.) 

FiQ.  211.  Nemallnn.  I.-IV.,  a  carpnphfte.  I.,  a  branch  tfaowln(antheri>lla,  a,Bi^ 
BCkrpnfonlnm.a,  wttb  tbe  tricliD|[yne.  r  |r.  spcrnialinni).  V.,  I«]u11sIaei[liIbiUnx  n.Hi- 
UMrldlum,i:,csriioganluBi,anJ/,r][>e  trull;  <. an oscaplDg ipoie.    (Thiuetantl  BotiuU 
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of  flowcrlpss  plants.     Comparative  investigations  have,  however, 
slionn  that  su<jh  gradations  do  exist,  and  tlmt  the  chain  of  exist- 


rcrtiluatJon  U  shown  in  the  Sgute.  Of  the  more  complicated  cases  this  ia  not 
the  pUcH  Id  ape&k  ;  their  treatmrnt,  as  well  as  that  of  kll  llie  simpler  [orms, 
nuy  be  luokiil  for  iu  Volnme  II  [. 

8)ic<:inion9  for  this  denioQBtrstioii  of  the  difTcrcnt  stngee  of  reprDduction  ara 


to  be  procured  i 
thi^  r«turee  are 
eihibitioD. 

(5)  Tme  1 
hrgonium 


As  nil]  be  seen  from  the  figure,  ni 
o  nearly  luperfidsl  u  to  need  no  particular  lectioDs  for  their 


Dsses  and  their  allies  are  charaaterized  by  the  insgeffiion  of  an 
r  flask-shaped  body  conlaioing  n  ccnlml  cell  in  which  Is  the 

ouBphvre.    The  oijsphore  is  fertiliied  by  inimedistc  contact  with  uilherotoida 

whii^h  ore  formed  in  antheridls  ;   as  a  result  of  the  fertilizaliou,   thero  ia 

produced  a  spore-case  filled  with  spoms. 

Id  the  exuuinatioti  of  the  fructification  of  a  mois,  the  plant  must  be  taken 

at  an  early  stage,  and  search  must  be  made  for  the  Kxual  oTgans  by  removal  of 

the  Hover-like  cluster  of  learca 

at  the  summit  ot  the  minute  ^ 

atalk.     If  the  removal  Is  success- 
fully performed,  and  the  plant  ia 

in  the  right  condition,  a  group 

of  threads  like  those  shovn  in 

the  fignre  will  be  plainly  seen. 

Among  these  are  to  be  found 

some  flask-like  bodies,  the  arcbe- 

gonia,  and  either  on  the  same 

receptacle  or  on  another  pinut 

of  the  same   species  tlie  mate 

organa,   one  of  which,  gimlly 

magnilicd,  is  sliown  in  Fig.  213. 

Under  a  very  high  power  the 

escaping    antherozoids    can    be 

seen,     When    fertUiation    has 

taken   place,    the    arcbi^iminin 

goce  on  in  its  derelopnent,  be- 
coming, after  many  inlurmedinte 

stqis,  the  capsule  or  "fmit"  of 

Che  moss,  coreietl  by  a  sort  of 

hood  or  cap,  and  liglitly  ctoaed 

at  its  mouth  by  a  lid.     Removal 

of  the  lid  disclosM  the  teeth  of 

the  mouth  {peristome}  and  the 

"["ores  within.     Upon  germina- 
tion, a  spore  girea  rise  to  alci.der  ^M 

(itanicnts  atDong  which  ia  pro- 
duced ihe  minute  moas-plant  with  the  seiuo]  organs  figured 

Via.  HI.    Fttnaria  hygranefrtat,  a  moss^    1.   toncttodlnal  seetlnn  IhranRh  Ibe 

upper  part  at  the  plant  wllb  arrheKxnla.o,  ami  leaves,  t     '     ' 

ami  alluwlog  escape  of  tlia  anUierui^ildii  u,    [Tliuaie.) 
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ences  is  practically  nnbrokea,  reaching  (torn  &o  lovcst  to  the 
bigliest  fonns.  The  cbaractcr  of  this  evidcQce  will  appear  Id 
tlie  succeeding  volume  of  this  series. 

(6)   True  ferns  exhibit  the  folloiriiig  phcDOmena  of  feHittzAtion.     On  the 

back  of  the  frond  there  ure  formed  s|)OrtB  in  spore-casea,  which  ■re  Tarionsly 

,  f^rouped  and  protected. 

^'  '\         ,  ■'         ~~---^  The  spores  on  rescking 

/'  '■,  a  Gt  surface  soon  give 

■''  \  rise  to  thin  films  (pro- 

/  *'  thalli),   OQ   the    under 

I  _,  \  Bide  of  vhich  are  pro- 

i  /.^.^  \  duced   the    aexnal    or- 

\  v^Iui  I  Ea?a>  all  of  which  ara 

\  "     .Sw  I  Bhoim   in   the    figures. 

1  ■  JjE  /  As  a  result  of  the  pro- 

>,  "^S  '  ceasoffertiliiationthere 

V  W*  -'  IB  liroduced  afem-plant, 

^^  '  9i\  ■'  wliich  at  its  adult  age 

\,  >■  bears  the  apores  abavs 

spoken  of. 

J  III   any   greenhoaae 

'  where  ferns  are  kept  it 

is  easy  to  procure,   by 

^^  ^    ^^  careful   aeareh    on    tba 

soil  of  the  flower-pota, 

■hundance  of  the  jiro- 

thuIliindilTeri 


-'YSV 


The 


loge-.. 


of 


thesp  exhihit 
orRirna  just 
while  those  wlii^h  are 
more  aavaiieed  fiive  all 
tliB  fenturt's  shown  in 
the  figures.  The  stu- 
dent must  observe  that 
on  the  surface  of  the  soil 


r-l>ota 


t-tha 


ol« 


n  the  t 
Other  gro 

found  other  flat  tiluis 
(b.-longiiig,foriiialnn«, 
to  H.-tiaticn;)  with  the 
prothnlli  of  the  fiTns. 
exual  orRsus  in  iliir,-rent 
«d  by  the  cultivation  of 

tire  nrpmn  At  the  sinni 
■f  Mlileh  m.iro  l.lglily  mac- 
lum  Kltli  ewaiiliig  &aUien>- 
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1137.  Coiitriut  between  non-iesital  uid  Bexnal  reproduction  as 
regartfit  resnlla.  In  non-sexiial  reproduction  &  tcitaiii  poition 
of  living  matter  is  soimiiiU'd  from  iLo  rcBt  of  tLc  living  matter 
of  tlie  plant,  and.  coming  under  favorable  conditions,  purKUCS 
an  independent  existence ;  ia  sexual  reproductloD,  two  portions 
of  living  matter,  from  dilfcrcnt  parts  of  the  organism  or  from 
different  organisms,  unite  to  constitute  a  new  Individual. 


iiitalic<>  n  brakrli  floWiiN 
to  destroy  aoy  injunoiu 


I 


rrrD-Binrcs.  Ou  a  lucvt  of  un>;huui  carlhcnwal 
]>ot,  wliicli  ha»  l>««Li  firat  b>>ili>(l  for  a  Uiauin 
nioulils,  ■  faw  >|»rcs  aro  lo  be  ti);htly 
liu-Uil.  If  the  whola  is  covcrnil  by  & 
Imilgu  and  krpt  ilsrli  uiil  warm,  after 
a  certain  Ilnie  the  delicjite  flluia  will  be 
dntoutvil  uiil  etui  tlieii  bt>  tntcetl  through 
their  devnlopmrnt. 

(T)  Somu  of  the  allies  of  the  ferua 
]imduc«  spores  of  more  than  one  sort, 
dilforing  in  nm  and  miliMquent  devel- 
opment. The  Uri^r  sjioret,  Itnown  si 
mactnspons.  give  ri»  to  an  included 
|inithnlliu  which  Botisaqnently  bi.i.'oiuos 
cxpoHHi  at  one  portion,  where  there  is 
developed  on  archeguniuni  (or  sometinies 
more  lliun  one).  Previaua  to  or  eoin- 
cident  H'ith  this  developrnrnt  there  U 
formnl  within  the  spora-wnlls  a  pBculiar 
tiisuo  which  hsB  been  termed  the  endo- 
sperm, and  which  is  rq^rdcd  as  the 
holiiologDO  of  the  endosperm  in  gjmuo- 
■permoiw  eenhi.  The  anuller  spores  aro 
denoiiiinaled  microspore),  and  pursue  a 
peculiar  conrse  of  development.  One 
of  the  cells  (aclilom  more  than  one) 
[ruaiiis   euaentially   anulianged,    *hilo 

the  others  give  rise  to  the  mothDr-uella  of  tlie  snthenuoids.  It  is  thercfaro 
thought  proper  to  eounder  the  sttirQu  cell  as  the  homologue  of  a  rudimentary 
Tiiale  prnthslliii,  and  the  others  of  rudimoniary  antheridia.  Fioin  the  motlier- 
crlls  nre  |>nMluce<l,  sooner  or  later,  the  antlierozaida  by  whlvii  the  orchegoniuni 
is  rertilixcd. 

If  thsi«  allies  of  thn  ferns  an  compaml  with  the  angioeperaui,  wide  differ- 
ence! aK  found  to  exist  which  can  be  bridfied  ovi-r,  in  jioM.  at  least,  by  the 
gvninosipernu.  Hence,  in  e»ine  systems  of  ckssiGcalion  the  gimnoH perms  are 
plucnl  U-lweeu  the  angioipenus  and  cryplojpms  iDslead  of  between  the  uiuan- 
cotyledons  and  dicotyWons. 

Pig.  Sit.  Sa1a«lnt1]a.  A,K  mkn-eporoi  In  ■liAirent  *l>ee*  of  IWnoatlon  of  the 
nn'hL'rtill*  a,  anlhermnMi  It.  aille  lr>nglla.llnil  «ct|i>n  of  a  in*>n«n"j™  >li  neelis 
sriur  lenllliaUati,  bill  beton  Bannlnatliin:  r.  ru<llmeniAr]'  iffwhalln*  of  Ibe  nili.rn- 
■■•>ra:  p.  prailmllus  of  Uje  uucrospiirD  with  three  an:Le[uulaj  »■</,  eiii]iiipe[in  i  r, 
at»p>irlum.    IPTeSbt.) 
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1 188.  The  new  individual,  for  inttance  a  bod,  arising  fttmi 
non-eezoal  reprodaction,  generally  repeats  in  itself  all  the  peon- 
Uarlties  of  the  oif^ism  from  which  it  took  its  origin ;  the  new 
individoal,  the  seed  or  spore,  arising  from  seznal  refnodnedon, 
usaally  diflbrs  in  some  particulars  ttam  the  oiganism  or  organ- 
isms by  which  it  was  produced. 

1189.  Hence,  in  the  higher  plants  individual  peculiarities  are 
perpetuable  by  bud-reproduction,  whereas  the  seed  gives  rise  to 
variations.  If  the  horticulturist  wishes  to  keep  tlie  descendants 
of  a  given  stodc  true  to  all  the  diaracters  which  give  them  value, 
he  relies  upon  some  method  of  multiplying  the  plant  by  bods ; 
if,  on  the  contrary,  he  desires  to  induce  or  increase  some  varia- 
tion from  the  stock,  he  makes  use  of  seeds. 

1140.  The  ordinary  horticultural  operations  by  whidi  bods  aie 
severed  from  the  parent  stock  and  suitably  placed  for  fluther 
advantageous  development  are :  (1)  layering, — the  Ikstening  s 
branch  in  earth,  so  that  while  yet  connected  witb  its  main  stem 
it  may  form  new  roots  and  afterwards  live  independently  of 
the  stem ;  (2)  the  forcing  of  cuttings  or  dips,  widch  in  con- 
genial soil  will  produce  a  supply  of  roots ;  (8)  grafting,  or  the 
transfer  of  a  shoot  (a  scion)  from  the  parent  plant  to  some  ottier 
plant  by  whidi  it  can  be  nourished ;  (4)  budding,  die  tranafier  of 
a  single  bud  to  another  plant  (see  426). 

1141.  While  in  most  cases  buds  produce  shoots  or  plants  very 
closely  resembling  the  parent,  it  sometimes  happens  that  re- 
markable variations  arise.  These  are  known  as  bud-variationM^ 
and  arc  oommonl}'  called  sports.  In  general,  when  once  origi- 
nateil  they  are  perpetuable  by  an}'  of  the  processes  of  bud- 
propagation  just  described,  but  are  not  likely  to  be  reproduced 
by  seed.  From  the  long  list  of  them  given  by  Darwin  onlv  a 
few  familiar  eases  are  here  mentioned :  (1)  the  moss-rose,  fhom 
the  Provence  rose  (Rosa  centifolia) ;  (2)  Pelargonium,  giving 
rise  to  numerous  varieties ;  (3)  Dianthus,  Sweet  William,  Car- 
nations, and  Pinks,  which  vary  very  widely  in  cuttings  from 
a  single  plant. 

1142.  Many  of  the  cases  of  sports,  especially  those  which  have 
descended  (Vom  hybrids,  are  attributable  to  reversion  to  an  ances- 
tral form ;  a  few  seem  to  be  dependent  on  changes  in  the  sur- 
roundings; while  others  have  been  attributed  to  the  influence 
exerted  by  a  graft. 

1143.  Ordinarily  the  scion  produces  no  marked  effect  upon  the 
stock,  and,  conversely,  the  stock  exerts  no  effect  upon  the  shoot 
growing  from  the  scion.    But  when,  for  instance,  some  of  the 
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Tarieguled  forms  of  Abiitituo  have  been  grnfted  on  green-leaved 
stocks,  they  have  beeu  knowu  to  alTeet  many  of  the  Hubseqiienl 
shouts.  Suob  cases  are  known  as  graft-hybrids.  The  uost 
remarkable  example  is  Ihnl  of  Cyiiaiis  Adami.  a  form  midnny 
betireen  Cylbiis  lalinrnum  and  purpureus.  Of  this  plant  Darwin 
says ;  *'  Throughout  Europe,  in  ilitTercnt  soils  and  utuler  different 
climates,  brandies  on  this  tree  bavc  repeatedly  and  suddenly  re- 
verted to  both  parent  species  in  theii-  flonei's  and  leaves.  To 
Iwhold  mingled  on  the  same  tree  Infts  of  dingy  red,  liright  yeU 
luiv.  and  purple  flowers,  borne  on  bmncbea  having  widely  dilfer- 
ent  leaves  and  manner  of  giowtli,  is  a  surprising  sight.  The 
same  raceme  sometimes  bears  two  kinds  of  flowers,  and  I  hnve 
seen  a  single  flower  exactly  divided  in  halves,  one  side  being 
bright  yellow  and  the  other  purple ;  so  that  one  half  of  the 
Etaudurd-|>etal  was  yellow  and  of  lai^r  size,  and  the  other  half 
purple  and  smaller.  In  another  Rower  the  whole  corolla  was 
bright  yellow,  hut  exactly  half  tbe  calyx  was  purple.  In  an- 
other, one  of  the  dingj-red  wuig-i>etal9  had  a  bright  yellow 
narrow  stripe  on  it;  and  lastly,  in  anotticr  flower  one  of  the 
stamens.  wliiiJi  hod  become  slightly  foliaceous,  was  half  yellow 
and  half  purple ;  so  that  the  tendency  to  segregation  of  char- 
acter or  reversion  aflfecta  even  single  parts  and  organs.  The 
most  remarkable  fact  about  this  tree  is  that  in  its  intermediato 
state,  even  when  growing  near  both  its  parent  Bpecics,  it  is 
quite  sterile  ;  but  when  the  flowera  become  pure  yellow  or  pure 
purple  they  yield  seed."  Passing  over  the  views  expressed 
by  many  that  Cytisiis  Adami  is  a  hyiirid  produced  by  seed,  the 
account  of  its  uiigin,  quoted  by  Darwin,  is  here  given.  M. 
Adam  insertetl  a  shield  of  C'ytisus  laburnum  in  the  alem  of  C. 
purpureus ;  the  bud  lay  dormant  a  year  and  then  pnxluced  a 
shoot  which  was  rather  more  vigorous  than  those  of  C.  purpureus ; 
this  shoot  was  propagated  and  the  planto  Iherefrara  were  sold  as  a 
vaiiety  of  Cytisus  purpureus,  before  they  had  come  into  flower,' 

'  The  sccoant  of  tbe  bmldiag  whs  publUhed  after  tbry  had  flovcml,  bat 
bBforr  thi>  Mlreordinary  tandency  to  rereraion  haJ  been  maiiifDatcd.  Upon 
•  review  of  the  testimony  Darwiu  wm  inclined  to  aceept  the  forcBolTig  account 
of  tbe  origin  of  Cytisni  Adami  aa  a  graft-hybrid  u  true.  Other  canea  are  to 
be  placed  in  the  moe  mtejtory. 

For  a  full  statement  of  biid-TariitionB  and  graft-hybrids  the  stodetit 
aboold  rrad;  Darwin,  Variation  in  Animali  iiid  Plants  nnder  Domatication, 
1868.  vol.  1,  chap.  xl.  !  also  Focke.  Die  PflanMn-mischlinge,  18B1,  p.  619. 
Ill  the  latter  ii  an  interesting  account  of  the  mixed  orsuges  (Bizania).  Con- 
iitU  also  Braun,  On  the  Phenomenon  of  Rejuveneacencc  in  Natura  (Bay  Society, 
1SS3)  ;  and  namerons  papera  by  Caapary. 
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1144.  Apopamy.  The  prothallns  which  develops  from  a  fern- 
spore  bears  upon  its  under  side  the  sexual  organs ;  from  their 
interaction  a  bud  is  produced  which  grows  into  the  fern-plant. 
Farlow  ^  has  shown  that  in  some  cases  the  prothallus  can  give  rise 
to  a  bud  without  sexual  intervention.  De  Bary  *  has  traced  out 
the  connection  between  this  mode  of  budding  and  that  which  is 
found  in  certain  other  plants.  To  the  abnormal  budding  of  the 
prothallus  and  homologous  structures  he  has  given  the  name 
apogamy, 

1145.  Parthenogenesis*  is  the  production  of  an  embryo  wiUi- 
out  the  intervention  of  pollen  (or  the  equivalent  of  pollen  in  the 
lower  plants).  Ca3lebc^3'ne  ilicifolia,  a  species  belonging  to  the 
ortler  Euphorbiacece,  has  been  known  to  produce  seeds  with  more 
than  one  embryo,  and  without  access  of  pollen.  It  has  been 
held  hy  some  that  the  embryos  in  this  case  are  formed  from 
oosplicres  which  had  not  been  fertilized,  but  investigations  by 
Strasburger  indicate  that  they  are  adventitious  outgrowths  from 
the  cellular  tissue  of  the  nucellus,  and  are  outside  of,  not  in,  the 
embrj'o-sac. 

In  some  other  cases  examined,  Strasburger  regards  the  forma- 
tion of  embryos  outside  the  embryo-sac  as  dependent  upon  the 
fertilization  of  the  oOspliere,  but  in  only  one  case  of  this  kind 
did  he  observe  any  embryo  form  also  from  the  fertilized  oospore. 

1146.  Poljrembrjrony,  the  production  of  two  or  more  viable 
embryos  in  a  seed  after  the  manner  just  described,  is  of  frequent 
occurrence  in  oranges,  onions,  and  Funkia  (Day  Lily). 

1147.  Fertilization  in  difTcrent  degrees  of  consanguinity.  It  has 
been  shown  in  Volume  I.  that  ''  no  two  individuals  are  exactly 
alike  ;  and  offsi)ring  of  the  same  stock  may  differ  (or  in  their 
progeny  may  come  to  differ)  strikingly  in  some  particulars.  So 
two  or  more  forms  which  would  have  been  regai-ded  as  wholl}- 
distinct  are  sometimes  proved  to  be  of  one  species  by  evi- 
dence of  their  common  origin,  or  more  commonl}'  are   inferred 


1  Quart.  Jouni.  Mic.  Science,  xiv.,  1S74,  p.  266  ;  Proceedings  Am.  Acad 
ix.  p.  68.  '* 

2  r>()t5niisc]jo  Zcitung,  1878,  p.  449  rt  ftrq. 

3  Bmun:  Ueber  Partheno<,^MU!si.s  b«i  rtlanzen,  1857;  Hanstein  :  Die  Parthe- 
nogenesis (ler  Cu'lebogyne  ilicifolia,  1877  ;  Hanstein  :  Botanische  Abhand- 
liin^Tcii,  1877;   Strasburger:   B.'frucbtung  und  Zelltheilung,  1878. 

Cases  of  ]>artlienogenesis  occur  in  the  lower  plants,  where  they  have  been 
followed  out  in  cultures  continued  for  a  considenible  time.  Their  consideration 
belon^'s  to  tlie  next  volume  of  this  series. 

For  an  account  of  parthenogenesis  in  animals,  see  Balfour  :  Treatise  on 
C<»mparative  Embryology,   1880  ;  also  Brooks  on  Heredity,   1883,    p.    55. 
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to  be  SO  from  the  ohseiration  of  a  aeries  of  intorrnetliiite  fonas 
wliicli  brifige  over  llic  diflerenccs.  Oiil_v  observation  cao  iuform 
as  lioff  inudi  dilTerencc  is  com{>alibI(i  with  a  eominon  origin. 
Tlie  general  rcsuU  of  olraervntion  is  that  [)la[ita  and  animala 
breed  inic  from  generation  to  generation  within  certain  Bouewhat 
imletermiuatc  limits  of  variation;  that  those  individnaia  which 
resemble  each  other  within  such  limits  interbreed  freely,  while 
those  with  wider  diffeieiices  do  not.  Hence,  on  the  one  hand, 
tlio  natnralist  recognijsea  Varieliet  or  differenws  within  the 
Bpeciea,  and  on  the  other,  Generit  and  otlicr  superior  associations 
indicative  of  remoter  relationship  of  the  species  themselves." 

"  Most  varieties  originate  in  tlie  seed,  and  tlicrerure  the  foun- 
dation for  them,  wliatcver  it  may  bo,  is  laid  in  sexiial  reproduc- 
tion. .  .  .  Vixin  the  general  principle  that  progeny  inlierits  or 
tends  to  inherit  the  whole  character  of  the  parent,  all  varieties 
must  have  a  tendency  to  be  reprodui-cd  by  seed.  But  the  in- 
heritance of  the  new  features  of  the  immediate  parent  will  com- 
monly \*e  overborne  by  ataiHsro  :  Uiut  is,  the  tendency  to  inherit 
n-oni  grandparents,  great^grnnd parents,  etc  Ataviiinn,  acting 
tlirongh  a  long  line  of  ancestry,  is  generally  more  powerful  than 
the  hereditj'  of  a  single  generation.  Dnt  when  the  offspring  does 
inherit  the  peculiarities  of  the  immediate  parent,  or  a  i»art  of 
them,  its  oflapring  has  n  redoubled  tendency  to  do  the  same,  and 
the  next  generation  still  more :  for  the  tendencies  to  be  like  par- 
ent, giandparent,  and  great-grandparent  now  all  conspire  to  this 
result  and  overpower  the  influence  of  a  remoter  ancestrj."  * 

1U8.  The  reproductive  elemeots  in  a  complete  Bower  may 
combine  to  pi'oduce  an  embryo.  In  this  ease  the  pollen  and 
OTuIc  have  originated  upon  a  single  shoot,  within  vert'  narrow 
limitM  of  difTcrcnco  as  regards  tlic  time,  place,  and  conditions  of 
their  tlevelopment,  and  the  result  of  their  union  is  what  might 
be  ex(iected,  —  a  close  copy  of  the  parent  plant.  The  fecunda- 
tion of  a  flower  by  its  owu  pollen  is  termed  dosf-fertilization,  or 
self-fertilization. 

1140.  In  trona-fertilization  the  pollen  fertilizing  the  ovule  of 
a  flower  comes  from  another  flower  of  the  same  species,  and  here 
the  reproductive  elements  have  been  developed  under  disslmihir 
conditions. 

11. >0,  in  hyhrirJUntion  the  poUcn  comes  from  a  flower  of  a 
different  species ;  and  in  this  coso  the  conditions,  external  and 

'  Volnnie  I,  ["p.  818,  319.  The  itnileDt  it  nrgcd  to  review  caieTallj 
Ihp  folUiwiDg  aections  kiw  in  ttist  Tolimw :   fllS  \a   tW,   and  SS7  to  S«S 
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internal,  nnder  which  the  reprodactiva  dements  have  heem  pio- 
dooed  are  widely  diasimilar. 

The  mechanism  by  whidi  dose-ftrtiliaation  is  seemed  in  sodm 
instances  and  absolntely  prevented  in  others  has  been  Itally 
explained  in  Volame  L  The  aoooant  of  the  medumism  is  now 
to  be  supplemented  by  a  statement  of  the  resnlts  of  repfodnetioa 
in  the  different  degrees  of  relationship. 

1151.  The  resalls  ef  dose-ftrtUIatisn  esutrMlsi  wMk  Hmss 
ef  ersss*lbrtilliatloB«  It  has  long  been  known  to  ooItiYatorB  d 
plants,  that  in  order  to  keep  the  desirable  noieties  whidi  are 
under  cultiTation  **  true  to  seed  "  they  must  be  dose  bred ;  that 
is,  all  pollen  from  other  Tarieties  of  the  same  spedes  mnsfe  be 
excluded.  The  whole  subject  is  best  illustrated  by  vetoenoe  to 
the  numerous  experiments  by  Darwin ;  the  exhaostive  nature  <3t 
which  is  indicated  by  an  account  of  a  single  series  given  nearly 
in  his  own  words. 

1152.  The  plants  experimented  upon  in  all  eases  were  raised 
from  careftiUy  ripened  seed,  and,  when  ready  to  flower,  were 
placed  under  nets  with  meshes  of  one  tenth  of  an  indi  in  diame- 
ter, in  order  that  all  pollen-oanying  insects  might  be  ezdoded. 

A  plant  of  Ipomoaa  purpurea  (Morning  Glory),  growing  In  the 
greenhouse,  was  protected  in  the  manner  Just  described,  afler  ten 
of  its  flowers  had  been  fertilized  by  pollen  from  tlieir  own  sta- 
mens, and  ten  others  by  pollen  from  a  distinct  plant  of  the  same 
species.  The  seeds  from  the  first  ten  flowers  may  be  termed 
self-fertilized,  those  from  the  other  ten,  crossed.  The  two  kinds 
of  seeds  were  placed  on  damp,  sand  on  opposite  sides  of  a  glass 
tumbler  covered  b}*  a  glass  plate,  with  a  partition  between  the 
seeds,  and  the  glass  was  put  in  a  warm  place.  As  often  as  a  pair 
of  seeds  germinated  they  were  put  on  opposite  sides  of  a  uot, 
with  a  superficial  partition  between  them,  and  the  same  pix>cedure 
was  followed  until  five  or  more  seedlings  of  exactly  the  same  age 
were  planted  on  the  opposite  sides  of  several  pote.  Tlie  soil  in 
the  pots  in  which  the  plants  grew  was  well  mixed,  and  the  plants 
on  the  two  sides  were  alwa3's  watered  at  the  same  time  ;  thus  the 
seedlings  were  subjected  to  practically  the  same  conditions  fh>m 
a  very  early  stage. 

In  the  same  manner  self-fertilized  and  crossed  seeds  were 
secured  during  ten  generations.  The  results,  so  far  as  tliese  can 
be  shown  by  measurement  of  the  plants,  are  exhibited  in  the 
following  table :  *  — 

^  Darwin  :  EffecU  of  Cross  and  Self  Fertilization,  1876,  p.  52. 


I 


CLOSE  AKD   CROSS   FEHTILIZATIOM   CONTEAbTED.      449 


Ifokoa  i>intP[m>A. 


I 

1 

II 

IL 

M 

sT< 

Ejll 

ill 

■< 

II 

il£l 

Fiml  .... 

86. 

65.S6 

100:76 

Swood 

84.16 

6S.33 

100:  70 

Third. 

7T.*1 

62.83 

100:68 

Fourth 

4a.78 

90.14 

100  :M 

Firth . 

8B.64 

ex.33 

100;  76 

8i«h. 

87.50 

es.i6 

100:72 

Seventh 

88,91 
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14 
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100:70 
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B8.70 
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73 

8G.84 

78 

68.02 

100  :  77 
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lI.iS.  The  results  of  close  and  cross  fertilization,  as  shown  by 
the  weight  or  tbcBCcd-capsalcB,  are  given  by  Darwin  thus:  "The 
oflspring  of  intercrossed  ])lants  of  the  ninth  generation,  crossed 
by  a  fresh  stock,  compared  with  plants  of  the  same  stoelc  inter- 
crossed during  ten  generations,  both  sets  of  plants  left  uncovered 
and  naturally  fertilised,  produced  capsules  by  weight  as  100 
to  51."' 

'  The  rallowtng  ■uminary  [  Danrin  I  Effecta  ot  Crou  nnil  Self  Fertilization, 
p.  51}  ahowa  more  of  the  nsulta :  — 

Firit  gfjuralioH  of  cronnf  and  mlf-ferWiati  planlt  grmeini)  in  fmprlUiim 
icilh  oM  anotker.  SJxtj-fiva  opatila  produced  trom  flowen  on  lire  eroraed 
I'lantt  rertiliicd  by  pollen  fnini  ■  distinct  plant,  and  fifty-liTe  cspaules  ]in>- 
duwil  from  6ower»  on  fire  •elf-ferlUiMd  plants,  krtUized  by  their  own  pollen, 
voriEiined  Mcdi  in  the  proportion  of 100  to  S3. 

Fifty-Eix  epontaneouilj  self-fertilized  capmlee  on  the  sbove  Gw  erooed 
plants,  and  twenty-fire  tpotitanetitisl<r  aelf-fertiliied  capinilrs  on  the  aboro  Are 
eelf-fertiliied  pUnt*^  yielded  aeeda  in  the  proportion  of     .    .     .     100  to  D9. 

Conihining  the  total  number  of  capsniea  prDduc«d  by  these  pUnts  and  tba 
anrai^  unmber  of  seeds  in  each,  tha  abon  emssed  and  srlf- fertilized  plants 
yieldeil  seeds  in  the  proportion  of 100  to  64. 

Other  plants  of  this  gencntiau  grown  nnder  onfarorable  cooilitians  and 
epontaneously  telf-fertilized  yielded  seeds  to  the  proportion  of   .    100  to  46. 
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1154.  **  All  the  self- fertilized  plants  of  the  seyenth  genera- 
tion, and  I  believe  of  one  or  two  previous  generations,  produced 
flowers  of  exactly  the  same  tint ;  namel}',  of  a  rich  dark  pur- 
ple. So  did  all  the  plants,  without  any  exception,  in  the  three 
succeeding  generations  of  self-fertilized  plants ;  and  very  many 
were  raised  on  account  of  other  experiments  in  progress  not 
here  rcconled.  .  .  .  The  flowers  were  as  uniform  in  tint  as 
those  of  a  wild  species  growing  in  a  state  of  nature.  .  .  . 
The  crossed  plants  continued  to  the  tenth  generation  to  vaiy 
in  the  same  manner  as  before,  but  to  a  much  less  degree, 
owing  probably  to  their  having  become  more  or  less  closely 
inter-related."  * 

1155.  In  the  sixth  self- fertilized  generation  there  appeared  a 
plant  which  was  larger  than  its  crossed  competitor,  and  its  pow- 
ers of  growth  and  fertility  were  transmitted  to  its  descendants. 
Thus  it  appears  that  even  with  the  exclusion  of  foreign  pollen 
new  characters  can  assert  themselves. 

115G.  It  was  not  found  in  these  experiments  that  simply  cross- 
ing a  flower  from  another  flower  on  the  same  plant  was  prodoc- 
tive  of  any  advantage ;  on  the  contrary,  there  are  some  cases 
which  show  that  it  may  result  in  an  actual  disadvantage.  ^^  The 
bencflts  which  so  generally  follow  from  a  cross  between  two 


Third  ijnirration  of  crossed  and  self-fertiiizfd  plants.  Crossed  capsules  oom- 
paitnl  with  self-fertilizeil  capsules  yielded  seeds  in  the  ratio  of    .     100  to  94. 

All  equal  niinilHT  of  crossed  and  self-fertilized  plants,  both  spontaDeoosly 
self-fertiliztnl,  priHlucetl  capsules  in  the  ratio  of  100  to  38.  And  these  capsules 
contained  seinla  in  tlie  ratio  of  100  to  94.  Combining  these  data,  the  produc- 
tiveness of  the  cros!>cd  to  the  self- fertilized  plants,  both  s|)ontaneouslv  self- 
fertilized,  was  as 100  to*  35. 

Fourth  fffnrrafi'im  of  crosstd  and  sflf-fertiliy'd  plants,  Capsnles  from  flow- 
ers on  the  en)s.setl  plants  fertilized  by  pollen  from  another  plant,  ami  capsules 
from  flowers  on  the  self-fertilizeil  plants  fertilizeil  with  their  own  pollen,  con- 
tained seeds  in  the  pn.>iKirtion  of 100  to  94. 

Fi/fh  ip-neration  of  cros^^d  and  self-frriilized  plants.  The  crosseii  plants 
produced  sj>ontaneously  a  vast  number  more  po«ls  (not  actually  counted)  than 
the  self- fertilized,  and  these  contain»Hl  seeiis  in  the  proportion  of  100  to  89. 

Ninth  ipnirnifirm  of  cmMrd  ojid  s^If-fcrtilizfd  plants.  Fourteen  crossed 
plants  s|K>ntaneouNly  s<df-ftrtilized,  ami  fourteen  self- fertilized  plants  sponta- 
neou>ly  self-fertilizrd,  yielded  capsules  (the  average  number  of  seeds  per  capsule 
not  having  W^'u  asctrtai '■♦•.!)  in  the  proportion  of 100  to  26. 

P.*(in/.f  drriv'd  /''■■y"  1  '•'•"<.«  irifh  a  frrsh  stock  com }xired  icith  tnfrrcroaed 
plants.     The  otfspring  ot"  int^'nTos-setl  plants  of  the  ninth  generation,  crooed 
by  a  fresh  sto<k.  coni|xir»d  with  ]«lants  of  the  same  stock  intercrossed  durinj; 
ten  generations,  b«>th  sots  of  plants  left   uncovered  and  naturally  fertilizecC 
produceil  capsules  by  wei:;l!t  as foo  to  51. 

^  Darwin  :  Effects  of  Cross  and  Self  Fertilization,  p.  59. 
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pluDts  apparently  depend  on  the  two  difTcring  somewhat  in  con- 
Btitution  or  character.  .  .  .  The  mere  act  of  crossing  Ino  distinct 
plants  ffbich  are  in  some  degree  inter-related  and  which  have 
t>een  subjetted  to  nearly  the  same  conditions  does  little  good 
OS  compared  nilh  that  from  a  cross  between  plants  belonging 
to  different  stocks  or  families  and  which  have  been  subjected  to 
somewhat  different  conditions." ' 

1157.  In  Volume  I.  the  different  metliodB  by  which  cross- 
fertilization  is  effected  were  sulGciently  described,  hut  certain 
special  questions  were  then  puriJOsely  left  unanswered  ;  namely, 
those  iu  regai'd  to  the  anatomical  and  chemical  nature  an<i  the 
distribution  of  the  attractions  by  which  insects  are  allured  to 
(lowers  to  insure  cross- polli nation. 

llbS.  The  nectBT  which  crcrtain  flowers  offer  to  insects  is  made 
known  by  color  or  odor,  or  both.  It  is  the  sweetish  liquid  com- 
monly caIIciI  the  "honey "of  the  flower,  secreted  by  certain 
specialized  ot^ans  known  as  nectar- glands.  Mention  has  already 
been  made  (453)  of  the  occurrence  of  these  glands  on  leaves. 
In  the  flower  they  consist  usually  of  specialized  pai-enciijma  not 
unlike  the  secreting  surface  of  the  stigma  (see  1109).  They 
are  sometimes  raised  by  a  stalk,  or  adenophore,  more  or  less 
above  the  surface  of  the  floral  organ  on  which  they  are  de- 
veloped, but  often  not  elevated  at  all. 

11.50.  Xectar-glands  mny  occur  upon  any  part  of  the  flower, 
upon  its  bracts,  or  even  upon  some  part  of  the  flower-stalk  near 
it.  The  "Cow-pea"  of  the  Southern  States  affords  a  good 
example  of  nectar-glands  on  the  flower-stalk.  JIany  apedes  of 
Euphorbia  have  them  on  bracts;  the  common  I'assion- flower 
and  the  cotton  plant  of  the  South  also  have  them  on  the  same 
organs.  Tlie  most  remarkable  case  of  arrangement  of  the  glands 
is  found  in  a  tropical  plant,  Marcgravia  nepcnlholdes ;  this  has 
been  thus  described :  "  The  flowers  arc  disposed  in  a  circle, 
banging  downwards  like  an  inverted  candelabrum.  From  the 
centre  of  the  circle  of  flowers  is  suspended  a  number  of  pitcher- 
like  vessels,  which,  when  the  flowers  expand  in  Februarj-  and 
March,  are  filled  with  a  sweetish  liquid.  This  liquid  attracts 
insects,  and  the  insects  numerous  insectivorous  birds.  The  flow- 
ers are  so  disposed,  with  the  stamens  hanging  downwards,  that 
the  birds  to  get  at  the  pitchers  must  brush  against  them,  and 
thus  convey  the  pollen  from  one  plant  to  another."  * 


'  Darwin  :  EffecW  of  Cross  ud  Self  Fortiliralion,  p.  61. 
*  Belt :  IfftRmlist  in  Kiongni,  1874,  p.  133. 
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1160.  From  the  nectar-glands  of  proper  floral  organs  the  secre- 
tion of  nectar  is  generall}'  copious  and  is  prone  to  collect  in 
minate  cavities  sach  as  shallow  pits,  or  in  conspicuous  spedal 
receptacles,  the  so-called  nectaries.  The  morphology  of  these 
organs  has  been  snfficientlj'  described  in  Volume  I.,  Chapter  YI. 

1161.  The  speciflc  grarltf  of  neetar  is  very  variable.  The 
following  figures  are  from  Unger's  ^  determinations :  — 

Agave  Americana 1.05 

"     geminiflora 1.09 

"     lurida 1.20 

If  it  is  assumed  that  the  solid  matter  in  nectar  is  wholly  sugar, 
these  figures  would  correspond  respectively  to  the  following 
amounts  of  cane-sugar ;  namely,  10,  18,  and  41.66  per  cent.* 

1 162.  The  period  of  most  copious  seeretion  of  the  neetar  usually 
coincides  with  the  maturity  of  the  anthers  or  of  the  stigma,  but 
in  some  cases  the  nectar  is  prepared  in  considerable  quantity 
before  the  flower  opens.' 

1163.  The  secretion  of  nectar  can  be  arrested,  as  Wilson  has 
shown,  by  carefully  washing  the  secreting  surface  with  a  jet  of 
water  and  then  drying  it  with  filter-paper.  Nectaries  which 
have  been  thus  made  inactive  through  removal  of  the  nectar  can 
be  again  brought  into  activity  b}'  adding  to  the  surface  a  little 
strong  synip. 

11G4.  The  secretion  from  nectar-glands  is  not  dependent  upon 
the  pressure  exerted  by  contiguous  cells.  When  tlie  flow  of  the 
nectar  from  a  nectar-secreting  surface  has  been  arrested  in  the 
manner  described  above,  a  pressure  of  even  40  centimetres  of 
mercury  upon  the  stem  is  insufficient  to  produce  any  effect ;  but 
the  activity  of  the  surface  is  at  once  resumed  when  a  little  syrup 
is  placed  upon  it. 

The  secretion  of  nectar  can  proceed  even  when  the  tissues  are 
not  turgescent.* 

11G5.  The  colors  of  flowers  depend,  as  indicated  in  477, 
upon  the  existence  in  the  cells  of  minute  granules  or  of  colonel 
sap.     The  shades  may  be  modified  to  some  extent  by  accidents 


*  Sitzungsberichte,  Berlin  Akademie,  xxv.,  1857,  p.  446. 

•  Wilson  :  in  Untersuchungen  aus  dem  bot.  Inst.,  Tiibingcn,  1881,  p.  7. 

•  Bonnier  :  Les  nectaircs,  Ann.  des  Sc  nat.,  s^r.  6,  tome  viii.,  1879,  p.  5. 

*  For  details  see  an  important  memoir  by  Wilson  in  Untersuchuni^n  aiu 
dem  bot.  Inst.,  Tiibingen,  1881,  i.  p.  1;  also  an  excellent  paper  by  Trelwwe, 
**  Nectar  and  its  Uses  "  (in  R<»port  on  Cotton  Insects,  U.  8.  Dept.  of  Airricul- 
ture,  1879),  wbich  contains  a  comprehensive  l)ibliography. 
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or  surface :  e.  g.,  in  Uie  (Miae  of  velvety  petals  the  color  ia  often 
Boftoned,  eometimes  to  a  remarkolilc  extent. 

1 1G6.  Contrasted  eolors  are  often  seen  in  a  single  flower.  In 
general  these  are  so  disposed  in  spots  or  lines  as  to  suggest  that 
they  bear  a  direct  relation  to  the  point  nberc  the  nectar  is  se- 
creted ;  hence  such  color-marks  were  calleil  by  Sprcngel  nectar' 
spots  or  neclar-ffuides.  But  in  some  cases  flowei-s  have  conapiou- 
oiiB  spots  without  being  nectariferous  ;  e.  g.  certain  poppies. 

1 1G7.  Darwin  cites  the  Ibllowiag  case  as  showing  IJiat  nectar- 
mnt'ks  have  been  developed  in  connection  witli  the  nectaries : 
"  The  two  upper  petals  of  the  common  Fclargonium  are  thus 
marked  near  their  bases,  and  I  have  repeatedly  obsened  that 
when  tlio  flowers  vary  so  as  to  become  peloric,  or  regular, 
they  lose  their  nectaries  and  at  the  same  time  the  dark  marks. 
When  the  nectary  is  only  partially  aborted,  only  one  of  tho 
upi>er  petals  loses  its  mark.  Therefore  the  uectary  and  these 
marks  stand  in  some  sort  of  close  relation  to  one  another,  and 
the  simplest  view  is  that  they  were  deveIo|(cd  together  for  a 
special  purpose  :  the  only  conceivable  one  l)eing  that  the  marks 
serve  as  a  guide  to  the  nectary."  * 

1 1 68.  The  colors  of  the  flowers  in  certain  species  change  nioro 
or  less  after  opening;  thus  many  Borraginaeeie  turn  from  red 
to  blue  even  during  a  short  space  of  time.  One  of  the  most 
interesting  cases  of  tliiu  change  of  color  is  presented  by  Ameblo. 
When  the  flower  opens  each  lobe  of  tbe  yellow  corolla  is  con- 
spiciionsly  marked  by  a  deep  purple  ejiot ;  after  a  few  hours  this 
begins  to  fade,  and  by  the  nest  day  eiitirely  vanishes. 

lIGil.  Of  all  colors  of  flowers  white,  pale  yellow,  and  yellow* 
are  the  most  common. 


"  Efffcts  of  Cross  iiitl  Si-lf  Fertiliaitiiiu .  1878,  p.  373. 

*  Tlie  follotting  tabU  lif  Kohlvr  and  Schiibclrr  (dtr'l  by  Bilfoar)  rzhibtta 
ttif  relative  frequency  of  certuD  colors  Id  Ibe  pUuti  of  tncnty-KVen  diSereat 
familiea  of  {ilKob  :  — 
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1 1 70.  The  colors  of  flowers  have  been  varioasl}'  classified ;  thus 
De  Candolle  divides  them  into  a  xanthic  (yellow)  and  a  cyanic 
(blue)  series,  both  of  which  can  pass  into  red  and  white.  With 
few  exceptions,  these  two  senes  are  not  represented  in  the  same 
blossom. 

1171.  The  odors  of  flowers  depend  in  some  cases  (e.  g. 
orange-blossoms)  upon  the  presence  of  a  volatile  oil  which  can 
be  extracted  by  distillation;  but  in  many  other  instances  the 
odoriferous  principle  cannot  be  separated  by  chemical  or  other 
means. 

1172.  White  flowers  are  more  generally  fragrant  than  those 
of  any  other  color.  "  The  fact  of  a  larger  proportion  of  white 
flowei*s  smelling  sweetly  may  depend  in  part  on  those  which  are 
fertilized  by  moths,  requiring  the  double  aid  of  conspicuousness 
in  the  dusk  and  of  odor.  So  great  is  the  economy  of  nature  that 
most  flowers  which  are  fertilized  by  crepuscular  or  nocturnal 
insects  emit  their  odor  chiefly  or  exclusively  in  the  evening."  ^ 


1  Darwin :  The  Effects  of  Cross  and  Self  Fertilization  in  the  VegeUble 
Kingdom,  1876,  p.  374. 

According  to  Kohler  and  Schiibeler  (cited  by  Balfour),  the  distrihntion  €»f 
odor  with  regard  to  color  is  as  follows  :  — 
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The  following  cla.ssification,  taken  partly  from  Trinrhinetti,  aa  cited  hy 
Balfour,  indicates  the  diversity  which  exists  in  regard  to  the  periods  and  per- 
manence of  odors  of  llowers. 

(1)  Flowers  which  are  odoriferous  at  the  time  of  openingand  which  remain 
60  throughout  ;  e.  g.  most  Roses. 

('J)  Flowers  in  which  the  int«»rmission  of  odor  is  connected  with  their 
opening  and  clo.sing  :  and  in  this  clas.s  there  are  two  sulxlivisions  : 

(a)  Those  which  are  clo.sed  and  scentless  during  the  day,  and  are  open  and 
odoriferous  at  night ;  e.  g.  Mirahilis  Jalapa,  Cereus  prandiflorus,  etc. 

(6)  Those  which  are  closed  and  scentless  at  night,  and  are  opi»n  and  odor- 
iferous during  tlie  day ;  e.  g.  Convolvulus  arvensis,  Cucurbita  Pepo,  some 
species  of  Nymjdicea. 
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1173.  Nectar  ib  protected  in  various  ways  Trom  unwelcoma 
inBecta  ;  that  is,  fiom  those  nhii-h  cimnot  aid  cross-fertilization. 
The  cbier  oT  tbese  is  by  the  structure  of  the  flower  itself  or  the 
parts  below.  Characteristic  odors  and  certain  colors  may  con- 
tribute to  this  jirotection.  Thus,  as  MuUer  has  pointed  out, 
dull  yellow  Sowers  are  entirely,  or  almost  entirely,  avoided  by 
beetles,  while  tliey  are  visited  by  Diptcra  and  Hytnenoptera 
(flies  and  bees). 

1174.  UjbrliU  are  the  ofl'spring  of  crossed  species.  But,  as 
shown  in  Volume  I.  page  320,  the  limits  which  separate  varie- 
ties fVoro  species  are  sometimes  not  sharply  defined ;  honce  it 
happens  that  the  term  hybrid  has  been  also  applied  to  crosses 
between  strongly  marlccd  varieties  of  the  same  species.  Such 
offspring  slioulil,  however,  he  termed  either  variety-hybrids  or 
cross-breeds,  and  the  woixi  hybrid  kept  to  its  proper  significa- 
tion. 

1175.  Wide  differences  exist  in  the  degrees  of  capacity  fbr 
producing  hybrids.  Thus  certain  closely  allied  species  cannot 
be  made  to  cross,  while  others  much  more  remote  in  apparent 
rclaliouship  are  crossed  without  difllcnlty. 

1176.  In  general  the  limits  of  capacity  for  hybridizing  do  not 
extend  beyond  the  genus ;  a  few  cases,  however,  are  known  in 
which  BiKcicB  usually  assigned  to  different  genera  have  been 
successfully  crossed.'  Hence  it  cannot  tie  known  beforehand 
whether  the  attempt  to  cross  two  species  will  be  successful. 


(B)  FloweiK  wtiich  ore  Uways  op*n,  but  which  are  odnriferona  gt  odc  tiir» 
and  scriitlcw  at  another.     Unilor  tbu  class  there  are  also  two  tubdiviaioni : 

(a)  Tliusc  alwnjB  Open,  and  only  odoriferous  during  the  day ;  «.  q. 
Cestrum  diaraum,  Coroailla  glaaco,  etc. 

(h)  ThoM  always  open,  and  only  odoriferoui  at  night ;  t.  g.  Ceatrom 
Dortumiim.  Hnperia  triatis,  etc 

In  ivrtoin  codch  odors  are  given  out  by  floKcn  in  an  intermittent  manner. 
This  U  atrikiogly  shown  in  aome  of  the  larger  night-flowuring  species  of 
CaclsTfiB. 

Deljiino  haa  given  (Ulteriori  Oaaerrarioni  suUa  Diuog^mla  nel  Regno  Vege- 
tale.  ISfl8-1871)  an  elnhomte  clanailication  of  odors  as  they  exist  in  floweia. 
Ha  niako  forty-lh-e  kinds  which  are  reailily  diatinguisbalile  aa  peculiar,  while 
between  theae  liinds  there  are  or  course  iDuamfrable  grBdations. 

1  Foclce  notea  that  hybrid*  between  specie*  belonging  to  different  genets 
are  ccmpsnitively  common  in  the  following  familiee  :  Caryophyllaoeie,  HeUi- 
UstMceK,  PaaufloraMs,  Cactacoe,  Gesneriace*.  Orehidaoen,  AmaryllidaceM, 
and  Graminea: ;  and  he  dtes  also  the  following  instances  oatsido  of  thcM 
familiee  ;  Bnwsica  X  Raphanlu,  Galium  X  Asperula,  Ceutropogon  X  Sipho- 
campylua.  Campanula X  Phyteumo.  VerliascumXCelsin,  Phileaia  X I^pageris. 
(PBanien-miMhlinge,  1881,  p.  *5a), 
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1177.  lu  reciprocal  hybridization  tlie  pollen  of  ^  is  effectiTe 
when  applied  to  the  stigma  of  B  ;  and,  con versel}*,  the  pollen  of 
B  is  potent  when  applied  to  the  stigma  of  A,  But  it  sometimes 
happens  that  the  rule  will  not  work  both  waj's.  Thus  the  pollen 
of  Mirabilis  longiflora  was  found  by  Kolreuter  to  produce  hybrids 
when  applied  to  the  stigma  of  Mirabilis  Jala^Mi.;  but  the  pollen 
of  the  latter  was  without  etfect  upon  the  stigma  of  the  former. 
Other  cases  are  known,  but  the  cause  of  this  extraordinary 
preference  is  not  understood. 

1178.  Hybrids  are  produced  artificially  b}*  the  transfer  of 
pollen  from  one  species  to  the  stigma  of  another  species,  care 
being  taken  to  exclude  all  pollen  of  the  second  species  from  its 
own  stigma.  The  pollen  is  best  transferred  b}*  means  of  a  sable 
or  camel's  hair  pencil.^  Exclusion  of  the  pollen  of  the  flower 
to  be  fertilized  must  be  secui'ed  by  removal  of  the  anthers  before 
the  flower  opeus.  This  is  easily  effected  by  the  use  of  delicate 
forceps,  an  incision  being  cai'efully  made  in  the  side  of  the 
corolla.  Afler  the  application  of  the  pollen  to  the  stigma,  the 
plant  or  blossom  must  be  covered  by  some  close  netting. 

1179.  Following  the  application  of  the  pollen,  changes  take 
place  in  the  fertilized  flower.  But,  as  Nageli  has  pointed  oat, 
these  changes  in  many  cases  fall  far  shoit  of  yielding  satisfac- 
tory results  to  the  experimenter.  Nageli  describes  several  grades 
of  partial  fertilization:  (1)  that  in  which  the  ovar}',  and  per- 
ha[)9  the  persistent  calyx,  grows  somewhat  without  appreciably 
affecting  the  ovules  ;  (2)  that  marked  by  greater  growth  of  the 
ovary,  aiul  by  slight  enlargement  of  the  ovules,  which  after- 
wards shrivel  up;  (3)  that  with  small  imperfect  fruits  with 
empty  seeds ;  (4)  that  having  good  fruits  with  empty  seeds ; 
(5)  that  with  normal  fruits  with  apparently  i>erfect  seeds  which 
have  no  germs  ;  (0)  that  producing  good  fruits  with  seeds  which 
have  only  minute  germs  incapable  of  further  development. 

In  successful  fertilization  there  are  produced  good  fruits  hold- 
ing sound  seeds. 


Some  of  tlie  oases  in  wliich  hybrids  have  Wen  produce<l  between  the 
species  of  ditfcrent  gi-nera  arc  given  by  Xiigeli  (Sitz.  d.  k.  Akad.  d.  Wiss.  z. 
Miinchen,  1865  and  186G),  as  follows  :  Rh(xiodendron  and  Azalea,  Rho<ioilen- 
dron  and  Rhodora,  Khcxlora  and  Azalea,  Kbo<loden<iron  and  Kalmia.  Of  those 
above  mentioned,  Rhododendron,  Rhodora,  and  Azalea  are  now  ph&ced  by 
Bcntham  and  Hooker  in  a  single  genus,  —  Rhododendron. 

1  It  is  of  great  importance  that  the  pollen  should  be  applied  at  exactly 
the  proper  |>eriod  for  impregnation.  This  is  usually  indicated  by  the  moistoiv 
of  the  stigmatic  surface. 
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1180.  If  to  u  sttgwa  poUc'D  n'om  two  species  is  applied  sitnul- 
tancoualy,  ooly  tLat  will  t>e  potent  wbicb  bos  the  greatest  sexual 
adlnity,  aud  no  apparent  effect  will  l>e  produced  ■>}'  the  otber. 

1181.  Willi  some  remarkable  esccptioDS,  hybrids  share  the 
gcaend  characters  of  their  parents,  and  are  intermediate  between 
them.  It  eometimes  bappens  that  part  of  the  offspring  of  a 
single  union  will  have  certain  charaetcrs,  while  the  rest,'  raised 
from  the  same  seed-i)od,  will  possess  others. 

'  Tbia  knit  ccrluiD  othrr  ]K>ints  referred  to  in  tlie  text  are  wntl  UlnBtrated 
by  Ihc  ease  of  Porkinan'e  LiJy,  which  it  here  describod  nearly  in  full :  ^ 

"  My  lirat  attcaiiit  wu  to  combJDe  the  tn-o  suprrh  Japanese  lilies,  L.  specio- 
inm  (IsnvifoUuDi)  uid  L.  Auratum.  Tbe  former  wu  lued  u  the  tenwle 
parent.  Four  or  Are  yarietiea  of  it,  varying  Irhh  purs  whilii  to  dcvp  red,  were 
brought  forward  in  pots  under  glass.  This  was  necessary,  becaose  L.  speeiosum 
does  not  ripen  ita  wed  la  tbe  open  sir  in  the  climate  of  Kew  England.  Wben 
the  flovtin  were  on  the  point  of  opening,  the  antbcn  were  corefully  removed 
from  the  expanding  buda  by  means  of  forveps.  Aa  tbe  pollen  was  entirely 
nnripe,  and  as  pains  were  taken  to  leave  not  a  single  anther  in  any  of  the 
flowers.  Belt-impregnation  was  impossible.  The  pollen  of  L.  auratuiu  wai 
then  applied  to  tbe  pistils  as  soun  as  tbey  were  in  condition  to  receive  it. 
Iminvguttioo  took  place  in  moat  ca«ei.  The  aecd-twdi  «we11«d,  and  promiM:d 
an  ample  crop  of  seed;  but  the  exi«riment  was  e[>oi1ed  by  Ilie  bad  msnagement 
of  the  man  ia  charge  of  the  greenhouse,  iu  consequence  of  which  the  pods  were 
attacked  by  mildew. 

"  lu  the  next  year  I  npeated  tlie  attempt,  with  the  name  precautions. 
This  time  the  seed  was  sacceakTull]'  ripened.  Being  sown  immediately,  a  por- 
tiua  of  it  genuinaled  iu  the  following  apriug,  and  the  rent  a  year  later.  In 
ngard  to  thia  seed,  two  points  were  noticeable:  Grst,  it  was  scanty,  the  pods 
(though  looking  well)  being  in  great  part  filled  with  abortive  seed,  or  mere 
chalf ;  and,  next,  such  good  seed  aa  there  was  diSeicd  in  appearance  from  the 
seed  of  tbe  same  lily  ferriliied  by  the  pollen  of  its  own  species.  The  latter  is 
unooth,  whereas  the  hybrid  seed  was  rongh  and  wrinkled.  About  fifty  young 
seedlingi  resulted  from  it;  and  tbeir  appearance  vas  very  encouraging,  because 
the  stems  of  nearly  all  were  mottled  in  a  manner  cbancteristic  of  L.  auratum, 
but  not  of  L.  speciosum.  Here,  tben,  was  a  plain  indication  of  the  infloence 
of  the  male  parent.  The  infant  bulba  were  pricked  out  into  •  cold-frKme,  and- 
left  there  three  or  four  years,  when,  having  reached  Ibe  size  of  a  pigeon's  egg, 
tbey  were  planted  in  a  bed  for  blooming.  This  was  in  1869.  Towards  mid- 
summer, one  of  the  young  hybrids  showed  a  large  flower-bud  much  like  that 
of  its  male  parent,  L.  auratum.  The  rest,  about  fifty  iu  all,  showed  no  buds 
until  aome  time  alter  ;  and  when  the  buds  st  length  sp[ieared,  they  were  pre- 
cisely like  those  of  the  female  parent,  L.  speciosum.  The  first  bud  opened  on 
the  7th  of  August,  and  proved  a  msgnificent  flower,  nine  and  a  half  inches  in 
diameter,  resembling  I^  auratum  in  fragrance  and  form,  and  the  most  bril- 
lionC  varieties  of  L.  speciosum  in  color.  In  the  following  year  it  measured 
nearly  twelve  inches  from  lip  to  tip  of  the  eilended  petals  ;  and  in  England  it 
has  ainoe  reached  fourteen  inches.  ...  In  tliii  oue  instance  the  experiment 
had  been  a  great  aucceai ;  but  of  the  remaining  fifty  hybrids,  not  one  produoed 
a  flower  in  the  least  distinguishable  from  that  of  the  pure  L.  speciosum.    Tha 
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1182.  Focke  has  shown  that  hybrids  between  remotely  related 
species  are  generally  delicate  and  difficult  of  cultivation,  but  that 
those  which  i*esult  from  ncarl}*  related  species  are  remarkable  for 
the  vigor  of  their  vegetative  organs.  Nageli  has  also  pointed 
out  that  the  latter  have  a  somewhat  longer  lease  of  life  than  the 
parents  ;  thus  annuals  can  become  biennials  or  even  perennials. 

1183.  Hybrids  between  closely  related  species  nsually  have 
larger  or  more  showy  flowers  than  either  of  the  parents,  but  their 
reproductive  organs  are  much  weaker.  This  diminution  of  fer- 
tility may  be  complete,  but  it  is  usually  only  partial.  The  pollen- 
grains  are  generally  fewer  and  often  less  developed,  the  ovules 
are  less  likely  to  afford  sound  germs.  As  a  rule,  the  stamens 
are  more  affected  than  the  pistils. 

1184.  Derivative  hybrids  are  the  offspring  resulting  from  a 
union  of  a  hybrid  with  one  of  the  parent  forms,  or  with  another 
hybiid  from  a  different  source.  In  the  former  case  there  is  fi*e- 
quently  observed  a  marked  tendency  towards  reversion,  which 
may  be  heightened  by  repeated  experiments  in  the  same  direc- 
tion, until  at  last  it  is  complete.^ 

1185.  Hybrids  and  their  offspring  exhibit  a  marked  tendenc}' 
to  vary.  This  fact  is  utilized  by  horticulturists  in  the  production 
of  new  varieties.  Varieties  thus  proiluced  must,  however,  be 
perpetuated  by  other  means  than  by  seed.* 

influence  of  the  alien  |K)llen  was  shown,  as  before  noticed,  in  the  markings  of 
the  stem,  and  also  in  a  diminished  power  of  seed-bearing  ;  but  this  was  all. 

**  In  the  next  year,  wishing  to  see  if  the  male  parent  would  not  make  his 
influence  appear  more  distinctly  in  the  second  generation,  I  fertilized  several 
of  tliese  titty  hybrids  with  the  pollen  of  L.  auratum,  precisely  as  their  fe- 
male parent  had  bt»en  fertilized.  The  crop  of  seed  was  extremely  scanty  ;  but 
there  was  enough  to  produce  eight  or  ten  young  bulbs.  Of  these,  when 
they  bloomed,  one  bore  a  flower  combining  the  features  of  both  parents ; 
but,  though  largo,  it  was  far  inferior  to  L.  Parkmanni  in  form  and  color. 
The  remaining  flowers  were  not  distinguishable  from  those  of  the  pare 
L.  speciosum"  (Bulletin  of  th«!  Bussey  Institution,  ii.,  1878,  p.  161). 

1  For  a  full  treatment  of  this  subject,  the  student  should  examine  Nageli's 
treatise  in  Sitzungsl>erichte  der  Kiinigl.-bayer.-Akad.  der  Wissenschaften  zn 
Miinchen,  ISOo,  ii.  ;  and  that  by  Focke,  Pflanzen-miscldinge,  1881. 

2  For  a  full  account  of  the  variation  of  hybrids,  the  student  should  see 
Naudin,  Ann.  des  Sc.  nat.,  ser.  4,  1863,  tome  xix. 

For  a  study  of  the  influence  of  foreign  pollen  on  the  form  of  the  fruit, 
a  paper  by  Maximowicz :  St.  Pctersb.  Acad.  Sci.  Bull,  xvii.,  1872,  col.  275. 


CHAPTER  XV. 


THE  SEED   AND   ITS   GERMINATION. 


1186.  Thus  far  tfab  treatise  has  dealt  chiefly  witb  the  phenom- 
ena presented  by  the  oi^aua  of  adult  plants,  especially  while 
these  are  ia  a  healthy  state.  It  is  necessary  to  consider  in  cod- 
cluaion  a  special  case ;  namely,  that  of  the  seed,  and  the  earliest 
phases  of  its  independent  existence. 

1  lti7.  When  a  rertilizeii  ovule  approaches  maturity,  its  activi- 
ties become  notably  lessened  in  degree  until,  with  perfect  ripe- 
ness of  the  seed,  the  embryo  manifests  no  indication  of  life.  In 
a  fevr  cases  the  seed  is  so  precocious  that  it  wiU  germinate  even 
before  it  is  detached  from  the  parent  plant ;  but  there  is  usually 
a  period  of  suspended  activity. 

1188.  Two  views  are  held  as  to  the  nature  of  the  life  of  the 
embryo  during  this  period  of  arrested  activity:  (I)  that  it  is 
simply  potential,  and  may  be  roughly  compared  to  tlie  fira  in  a 
match,  ready  to  manifest  itself  under  favorable  conditions ;  (2) 
that  it  b  a  sluggish,  dormant  state,  which  differs  from  active  life 
only  in  degree. 

11B9.  From  the  first  point  of  view  it  ia  easy  to  regard  the 
seed  as  representing  a  cci-tain  amount  of  potential  energy  indi- 
rectly derived  from  solar  radiance,  and  held  for  a  time  in  a  con- 
dition from  which  it  may  be  released  in  many  ways :  thus,  it  may 
be  liberated  by  rapid  combustion,  as  wbeu  com  is  burned  for 
fuel ;  by  slow  oxidation,  as  when  seeds  decaj' ;  or  by  the  act  of 
germination. 

1190.  The  second  view  takes  into  account,  although  it  does 
not  explain,  the  slight  changes  which  take  place  in  certaiu  seeds 
and  some  other  parts,  especially  buds,  during  what  has  been 
culled  the  resting  state. 

Hill.  It  has  lieen  stated  (976)  that  many  seeds  cannot  be 
marie  to  start  into  active  growth,  even  under  the  most  favorable 
external  conditions,  until  after  the  lapse  of  a  definite  jwriod. 
Nothing  is  yet  known  as  to  tiie  exact  structural  and  other  changes 
which  go  on  by  virtue  of  Uiis  i>eculiarity. 
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1192.  Blpening  of  fruits  and  seeds.  The  structural  changes 
attending  tbis  process,  taken  together,  result  in  adaptations  for 
providing  the  embrjo  with  an  ample  supply  of  food,  for  giving  it 
adequate  protection  during  its  resting  state,  and  for  securing 
its  dissemination. 

1193.  The  chemical  changes  comprise  chiefly  the  storing  up 
of  a  sufficiency  of  food  of  a  proper  character  to  support  the 
embryo  for  a  time.  In  pulpy  fruits  they  are  mostly  associated 
with  the  consumption  of  a  certain  amount  of  oxygen  and  the 
liberation  of  more  or  less  carbonic  acid.  Many  of  the  chemical 
changes  can  go  on  after  the  separation  of  the  fruit  or  seed  from 
the  parent  plant. 

In  the  ripening  of  pulpy  fruits  the  important  changes  in 
texture  are  attended  by  the  formation  of  sugars,  acids,  etc.,  and 
b}'  modifications  in  the  character  of  the  walls  of  cells. 

1194.  Dissemination  is  most  frequently  secured  by  (1)  some 
mechanism  for  transport  b}'  air,  water,  fleece,  or  plumage ;  (2) 
the  construction  of  some  expulsive  apparatus ;  (3)  the  existence 
of  certain  attractions  of  taste,  color,  and  odor,  by  which  the 
seeds  are  made  the  food  of  birds.  In  the  last  case  the  germ 
itself,  protected  against  the  action  of  digestive  juices,  is  often 
earned  to  great  distances  from  the  parent  plant. 

1195.  Ripeness  of  seeds.  The  embrj'o  is  sometimes  viable,  or 
capable  of  independent  life,  at  a  very  early  stage.  Immature 
seeds  are  of  course  deficient  in  their  supply  of  proper  food  for 
the  cmbr3'o,  which  is  only  imperfectly  developed,  and  their  in- 
teguments are  not  yet  adapted  to  protect  the  germ  adequateh*. 
But  in  certain  instances  such  seeds  may  germinate,  giving  rise 
to  strong  and  healthy  plants.  Cohn  ^  has  shown  that  seeds  which 
arc  not  perfectl}'  ripe  germinate  somewhat  sooner  than  those 
which  are  more  mature ;  this  means  that  the  store  of  food  is  in 
a  condition  which  admits  of  immediate  use.  He  has  further 
pointed  out  that  seeds  separated  from  the  plant,  but  still  enclosed 
in  the  pericarp,  ripen ;  and  he  believes  that  those  seeds  which 
have  rcjiched  a  medium  stage  of  ripeness  germinate  most  readilv*. 
"  Viabilit}'  does  not  coincide  with  ripeness  ;  it  precedes  it."  * 

11 9C.    Shortly  before  the  period  of  ripening,  the  part  which 


1  Flora,  1849,  p.  481. 

2  There  is  some  reason  to  l)elieve  that  in  the  case  of  certain  cultivated  vege- 
tables unripe  seeds  may  give  rise  to  earlier  varieties  than  come  from  ripe  seeds. 
For  numerous  citations  from  the  extensive  literature  of  the  subject  see  a  paper 
by  the  author  in  tlie  Report  of  the  Secretary  of  the  Massachusetts  Board  of 
Agriculture  for  1878. 
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connccU  the  fruit  or  seed  willi  tlie  parent  plant  iiudergoes  marked 
cliangea,  which  ultimately  effect  or  permit  complete  separation 
of  the  seed  fVoni  the  plant  witbont  any  injury.  The  process  of 
Beparation  b&s  been  compared  to  that  by  which  tbe  leaf  is  de- 
tached from  the  branch  in  tbe  autumn. 

11^7.  How  long  can  a  seed  retain  ita  Titalityl  Some  seeds 
perish  shortly  aller  aeimration  from  the  parent  unless  they  are 
at  once  planted,  while  others  preserve  their  vitality  for  long 
periods.  In  experiments  by  De  Candoltc  seeds  of  three  hun- 
dred and  aixty-eiglit  sjiecies  of  plants  were  kept  in  the  same 
place  and  under  the  same  conditions  for  fifteen  years.  Tho 
following  results  are  recorded :  — 


or   I  B«Im 


10  Malvflt™    .     .  . 

4S  Lrfpiiiiiuism     ,  . 

SO  LnMnta! ,     .     .  . 

10  Scrophnlnrittceie  . 

10  irmballibnB     .  . 

16  QirvophylUcwB  i 

33  OnniinEffi  .     .  . 

81  Crutifi?™    ,    .  . 

45  Compmitn  .     .  . 


le  np,  or  1  no  per  m 


1198.   Dauben3',  Ilenslow,  and  Lindley  found  that  the  seeds   i 
of  a  species  of  Colutea  germinated  when  forty-three  years  old,  and 
those  of  a  Coronilla  when  forty-two  years  old.    They  ascertained 
ttiat  the  seeds  of  plants  belonging  to  twenty  genera  experimented 
on,  germinated  after  IVom  twenty  to  twenty-nine  years'  scpara-    I 
tion  from  tbe  parent  plant.' 

There  is  no  unquestioned  evidence  that  wheat-grains  flrom  the 
wrappings  of  mummies  have  been  made  to  germinate.* 


L 


I  Report  or  tlie  British  Association  Tor  the  AdTancrmcnt  of  Science,  1B50, 
p.  16S. 

'  The  following  tmtft  of  enKs  of  prolonged  titalitf  ma]-  be  ot  inlerest :  — 

M.  R.  Brawn  id'h  dit  ftvoir  fftit  germer  di-a  gnincs  ir  Nelumbium  ipecio- 
mm  extniUs  pur  Ini  de  Vherbirr  de  Sloune,  c'e«t-&-dire  tjnnl  ID  muiiia  l&O 
ana  (De.  Candolle:  Ojogtmphie  Botaniiiue  msonnie,  1855,  p.  613). 

SF«dRo[Keliiinbinm(^Kn<l  have  sproated  inertheyhad  been  in  the  ground 
for  ■  ceotaiy  (Lyell'a  Second  Visit  Co  the  Uniti^d  Sutes,  u.,  ISla,  p,  ISS). 

The  graius  ot  wheat  found  in  inummf-irrap[nDgs  mm  unironnljr  blackened  < 
an  if  hy  slow  charniig  (enmaeatav),  and  there  ia  no  eridence  of  a  tnulnon* 
chaiacler  that  such  seeds  have  ever  been  made  to  g«nninate.  The  aecoi 
by  (?oiint  Ton  Sternberg  of  the  ffermiDation  of  wheat  toppoaed  to  hare  bi 
procured  at  tlis  tumlUng  of  a  mummy  will  be  found  in  Ini,  1S3S,  c 
715-717. 
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GERMINATION. 

1199.  Germination,^  the  process  by  which  an  embryo  unfolds 
its  parts,  is  complete  when  the  plantlet  can  lead  an  independent 
existence. 

1200.  The  eondittons  necessary  fur  gvimlMitiAii  are  (1)  moist- 
ure, (2)  free  oxygen,  (3)  warmth. 

1201.  The  amount  of  water  required  to  Initiate  the  process 
of  germination  is,  in  general,  that  which  will  completely'  saturate 
and  soften  the  seed.  Germination  does,  however,  begin  in  cer- 
tain cases  even  when  only  the  radicle  and  the  albumen  directly 
around  it  have  become  soaked. 

The  amount  of  water  requisite  for  the  saturation  of  a  seed  has 
been  determined  for  a  large  number  of  plants,  and  will  be  seen 
b}*  a  comparison  of  the  results  to  var}*  within  wide  limits,  depend- 
ing on  the  percentage  of  water  already  present  and  the  character 
of  the  albumen.  It  is  plain  that  in  vcrj*  exact  determinations 
account  must  be  taken  of  the  possibility  of  a  loss  by  the  seed 
of  a  portion  of  its  contents  while  in  water ;  in  three  da^'s  this 
amounts  in  the  common  bean  to  a  little  over  two  per  cent.  The 
cereals  require  a  comparatively  small  amount  of  water  for  satu- 
ration, while  leguminous  seeds  absorb  a  much  larger  quantity'.* 

1  It  is  well  to  distinguish  between  two  stages  in  the  process  of  germination, 
(1)  that  marked  by  the  protrusion  of  the  finst  rootlet,  (2)  the  subse<\uent  de- 
velopment of  the  embryo  into  an  independent  plant.  The  reason  for  making 
tliis  distinction  is,  that  most  of  the  experiments  ui>on  the  relations  of  tempera- 
ture, etc.,  to  germination  have  usually  terminated  at  the  first  stage  ;  whereas 
the  vigor  of  the  plantlet  as  seen  at  a  later  stage  is  an  important  factor  in 
deducing  results  to  guide  pnictioe  in  sowing  seeds. 

2  The  table  below,  by  llotfmann  ( Versuchs-Stationen,  vii.,  1865,  p.  52),  has  a 
parallel  column  of  results  obtained  at  Tharandt  (Nobbe:  Saraenkunde,  p.  119): 


Indian  corn . 
Wlieat  .  . 
Buckwheat  . 
Kyc  .... 
Oats  .  .  . 
White  beans 
Wimlsor  bean 

Peas     .    .    . 

Re<l  clover  . 
Snjfar  beet  . 
"NVlilte  clover 


Percentage  of  liquid  water  ab^orlxxl. 


Observations  by 
lloffniann. 


Olmervations  at 
Tlmranclt. 


8f).8 
60. 


157. 
(^.  96. 
6.   71. 

10-53 

89. 
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1203.  Tho  increase  of  seeds  iu  size  accom  pan  ring  the  absoip- 
tion  of  water  is  asccrtaiQcd  br  placing  tliein  from  liuio  to  litnG 
ill  a  narrow  graduated  cylinder,  pouring  over  enougli  water 
to  completely  cover  them,  and  noting  the  heiglit  at  which  thu 
water  Btaiids ;  then  pouring  it  into  another  graduateil  glass  and 
accurately  measuring  it.  The  difference  in  amount  of  water  in 
each  caso  indicates  the  voUime  of  the  seeds.  The  work  must 
be  done  expeditiously  in  oixler  to  avoid  tlic  error  arising  from 
absorption  during  the  period  of  measuring ;  but  this  error  in 
any  case  is  elight. 

1303.  The  following  results  ma}'  be  of  interest  and  serve  aa  a 
guide  to  the  student.* 

G3.i  18  grams  of  air-dried  peas,  having  a  volume  of  43  cubic 
centimetres,  were  soaked  in  water  at  a  temperature  of  1D°- 
21°  C.  The  soaked  seeds  were  at  each  measurement  carefully 
dried  bj-  blotting-paper:  — 


Ttano. 

1.  In  BbnlaU  Qinroi. 

Wdgbt 

Volume- 

Welfbt. 

Voliimo. 

14  honn  .    .    . 
41     "      ... 

70    "      ... 

*8.41  BT. 
8.02    " 
8,52    " 

46  cc 
19    •■ 

7    " 

70.9 
19.3 

lor 

44.1 

10.3 

70  lioi.re  .    .    . 

Oa.B5  gr. 

72  cc. 

86,2 

167.4 

The  gain  in  weight  in  70  hours  was  therefore  9G  per  cent,  and 
in  volume  1C7  per  cent. 

In  another  experiment  the  changes  were  as  follows  :  Thaseolus 
vulgaris  gained  in  weight,  in  48  hours.  100.7  per  cent,  and  in 
volume,  134.14  per  cent.  In  still  another  experiment,  with  the 
same  species,  the  gain  in  weight  in  72  hours  was  114..5  per  cent 
(iir,  taking  into  account  some  loss  by  estrjietion,  1 1 7.5  per  cent) , 
and  in  volume.  I40,D  per  cent.  The  gain  in  volume  is  con- 
siderably greater  than  the  gain  in  weiglit.* 


>  Nobbe  :  Han.llnicfi  iler  Samenkande.  1S78.  p.  122. 

'  It  mint  be  noted  that  in  many  dry  »e«<i«,  for  innnnce  betwwn  the  eoty- 
ImlnniiorBome  poaa  and  bntna,  then  u«  caTitifa  wlilcli  miut  be  filli-d  belnre 
thero  can  be  any  marked  inrrcMe  of  Tolume  (Kobba  ;  Uaudbucb  der  Sames- 
kunde,  1876,  [i.  123). 
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1204.  The  greater  part  of  the  increase  in  weight  and  volame 
from  the  absorption  of  water  by  dry  seeds  takes  place  in  a  short 
time ;  for  example :  — 


Phmseolat  Tulgaris. 

Increase  tn 
weight. 

InereiiM  in 
▼olume. 

In    6  hours 

•«     9     «<  

18.99  per  cent. 
18.68  ••     " 
49.42  "    " 
8.85  *•     " 

28.28  per  cent. 
18.10  "     •• 
62.07   *«     " 
8.45    "     " 

««  23     ** 

*«  28     " 

After  this  there  was  very  little  gain  either  in  weight  or  volume. 

1205.  Access  of  free  oxygen  must  be  provided  to  secure 
germination.  Even  if  all  other  conditions  are  favorable,  germi- 
nation does  not  take  place  in  pure  water  devoid  of  any  free 
oxygen,  or  in  an  atmosphere  of  nitrogen. 

1206.  The  oxygen  accessible  to  the  seed  must  be  diluted  to 
about  the  degree  found  in  common  atmospheric  air,  although  it 
is  not  necessary  that  the  dilution  should  be  made  with  nitrogen, 
as  is  the  case  with  air.  Bochm  ^  has  shown  that  a  mixture  of 
proper  proportions  of  hydrogen  and  oxygen  answers  about  as 
well  as  a  mixture  of  nitrogen  and  oxygen  for  germination  of 
seeds,  provided  it  is  furnished  to  them  under  ordinary  atmos- 
pheric pressure.  That  the  degree  of  pressure  is  an  important 
factor,  is  proved  by  Bert's  ^  experiments.  Barley  gave  the 
following  results :  — 

Percentage  germinated. 

In  ordinary  air  (76  cm.  pressure) 84 

In  air  50    '*         **  40 

**    •*  25    **         **  23 

*'   **  6    '*         **         10 

The  proportion  of  oxygen  to  nitrogen  in  atmospheric  air  is 
approximately  1  :  5  (oxyj^en,  21,  nitrogen,  79  parts). 

1207.  The  temperatnre  requisite  for  germination  to  begin 
differs  considerably  in  ditrercnt  species.  The  lowest  tempera- 
ture recorded  is  the  following,  noted  by  Uloth:'  In  a  perfeotlv 
dark  ice-cellar  seeds  of  Acer  platanoides  sprouted  on  ice,  the 
rootlets  penetrating  to  a  depth  of  5  to  7.5  cm.  into  the  dense 

1  SitzWr.  :  Wien  Akad.,  Ixviii.,  1873,  p.  132. 

2  Comptes  Rendns,  Ixxvi.,  1875,  p.  1493. 
»  Flora,  1871,  p.  185. 
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clear  ice ;  the  seeds  tlicmsdves  being  iu  hollon's  on  its  siuTace. 
The  temperature  must  of  coajrsc  bo  given  as  0'  C.  Ulutli  found 
also  that  w!lea^g^ain^  gcrminBtcd  in  the  sftine  cellar  upon  pieces 
of  ice.  Kerncr'  placed  seeds  with  some  oarth  in  glass  tulios  and 
exposed  tbem  to  tlio  told  springs  on  the  edge  of  snow-fields  in 
Alpine  regions.  He  found  that  the  seeds  of  luost  Alpine  plunta 
could  germinate  at  2°  C,  and  that  some  might  even  at  0°.  It 
was  slionn  that  at  all  growing  points  there  is  some  lieat  evolved. 
In  Lloth's  observations,  above  noted,  attention  is  called  to  the 
fact  that  the  rootlets  descended  into  solid  ice  in  a  number  of 
cylindrical  cavities  which  they  melted  out  for  themselves. 

1208,  The  minimum  temperature  for  germination  of  the  seeds 
of  many  plants  in  common  cultivation  is  given  by  tiaberlandt ' 
as  ^".TS  C.  (although  some  can  start  even  below  this).  Be- 
tween 4°. 75  and  10\5  we  have  the  minimum  temperature  for 
Indian  corn,  timothy  gross,  sunflower ;  between  10°. 5  and  15". 6, 
that  for  tobacco  and  squash;  between  15°.C  and  IS'.d,  that  for 
encumber  and  melon. 

I  iO'J,  Tiie  maximum  temperature,  or  that  beyond  which  germi- 
nation cannot  begin,  differs  greatly  iu  different  species.  Ilabcr- 
landt  has  shown  that  degree  of  ripeness,  freshness,  the  "  race," 
and  several  other  influences  considerably  modify  the  result. 
The  maximum  lemperaliire  for  a  few  of  the  more  common  plants 
is  here  noted :  — 


Whcnt,  lyc,  bnrky,  (»t!>,  prna,  timothj  giass,  cathnje,  poppy,  Bur, 

and  tobnci^D 31-37 

R«d  ciovrr,  luirmi'-,  buvkwliivt.  and  nunHower Z7.5-H 

ludiou  com,  luillot.  siiniuh,  cucumber,  uiU  lugat  melon      ....  H-iO 

In  no  case  was  germination  observed  above  50"  C. 

1210,  Between  the  minimum  temiwralure  below  which  and 
the  maximum  temperature  above  which  germination  of  a  cer- 
tain kind  of  plant  docs  not  ordinarily  UlIco  place  there  lies  an 
optimum  teiii{>eraturc ;  that  is,  the  degree  at  which  germina- 
tion begins  most  speedily.'  The  fihort  table  on  tlie  following 
page  is  by  Sachs :  — 


'  Berichln  An  nnttinr-nicd  Vercincs  in  Inmbmck.  1B~3,  and  Botaniscbe 
Zeilnug,  1673,  p.  437. 

*  Versiichs-Stntionon,  itIL  p.  104. 

•  The  diHirence  in  regnrd  to  tho  drgne  of  «»rmth  drnunded  by  aeeit  of 
tlio  Mine  Bponu  rniaej  jo  dtBerant  climate>  haa  been  uchuudwI  by  SchiilieUr 
(Die CalturpflAnzen  Norwesens,  18S2,  p.  27). 
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Minfmnm. 

• 

Mailmnm. 

Optlmnm. 

Barley 

Wheat 

Scarlet  runner      .     .     . 
Indian  corn     .... 
Squash 

5'> 

9.05 
9.05 

no 

38° 
42© 

46° 
46© 
4(}0 

23® 
290 
330 
330 
330 

1211.  The  time  required  after  planting  for  germination  to 
begin,  a  point  indicated  by  the  protrusion  of  the  radicle,  has 
been  determined  ^  for  a  large  number  of  plants.  A  few  exam- 
ples are  here  mentioned :  — 


Indian  corn. 

Red  doyer. 

Birch. 

AtlG^T 

**  250  C 

"   31°  C 

**   370.5  c 

**   440  c 

144  hours. 
68      ** 
48      *• 
48      " 
80      ** 

32  hours. 
24      " 
24      " 
24      " 

120  hours. 
24       •' 
24       " 
24       «« 
72       •• 

1212.  The  influence  of  light  upon  the  earliest  stages  of  germi- 
nation has  been  shown  by  careful  investigations  to  be  inappre- 
ciable so  far  as  most  plants  are  concerned.'** 

The  unqualified  statement  found  in  some  works,'  that  light  is 
in  general  prejiidiciiil  to  germination,  is  not  borne  out  by  facts. 

1213.  The  phenomena  of  germination  are  :  (1)  forcible  absorp- 
tion of  water,  (2)  absorption  of  oxygen,  (3)  solution  of  nutrient 
matters,  (4)  their  transfer  to  points  of  consumption,  (5)  their 
employment  in  building  up  new  parts.  After  the  initial  step 
these  processes  may  go  on  simultaneously. 

1214.  The  enormous  imbibition  power  of  dry  seeds  can  be 
demonstrat^id  by  confining  sound  seeds  in  a  strong  receptacle 
to  which  water  can  obtain  access.  If  a  closed  manometer  is 
attached,  the  pressure  they  exert  can  be  measured.      Boehm* 


^  Vtjrsuclis-Stationen,  xvii.,  1874,  p.  104;  and  Storer :  Bulletin  Bussey 
Iii.st.,   1884. 

2  Hdiriiiaiin  :  Jaliresbor.,  iiber  Agricultur-Chem.,  1864,  p.  110. 

2  In^'j'iihousz  ;  SenebiiT,  Pliysiolorjio  vegetale,  iii.  1800,  p.  396  ;  Johnston's 
Lectures  on  Agricultural  Chemistry,  1842,  p.  194. 

*  Miiller :  IJotan.  Unters.  ii.,  1872,  p.  29,  quoted  by  Xobbo  (Hand- 
buch  (ler  Sauienkunde,  p.  118).  Similar  experiments  at  Wellesley  CoUece 
gave  results  somewhat  lower  than  this. 
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found  that  pens  in  swelling  could  overcome  a  pressure  of  18 
atmospheres,  eorrespondiiig  to  a  lieigbt  of  the  mcrcuriiU  column 
of  13.5  metres. 

1215.  The  influence  of  oxyg6a  iipon  the  absor{>tion  of  water 
by  the  seed  ia  not  marked,  as  wUl  he  seen  by  the  followiDg 
experiment ; '  — 

200  IVcsL  seeds  of  red  clover  were  placed  iu  pure  water  for  20 
hours;  200  moro  were  placed  ia  water  into  which  oxygen  gas 
woa  conducted ;  200  more  in  wator  through  whicli  carbonic  acid 
gas  was  conducted  for  a  while  and  then  the  water  covered  with 
a  layer  of  oil  to  exclude  the  air.  Tlie  results,  so  far  as  swelling 
is  concerned,  were  as  follows :  — 


1) 

L 


"  "        "    carbonic  ncid  .    .    71       "'  " 

1216.  The  oxygen  absorbed  by  seeds  in  germination  was 
thonght  by  Schuubeiu  to  undergo  llie  active  or  ozone  modifica- 
tion. By  his  experiments  the  seeds  of  two  plants,  Cjnara  Scoly- 
mus  and  Scorzonera  Ilispanica,  were  shown  to  possess  to  a  con- 
siderable degree  the  power  of  couvertjug  atmospheric  oxygen 
into  ozone. 

1217.  Oily  seeds  absorb  a  large  amount  of  oxygen.  Siewert 
has  |iointe<)  out  the  fact  that  the  neutral  oU  of  the  rape-seed  very 
soon  after  access  of  oxygen  and  water  to  it  possesses  an  acid 
reaction.  Oleic  acid  can  absorb  at  ordinary  temperatures  about 
twenty  times  its  volume  of  oxygen. 

1 218.  Nutrient  matters  must  become  liquid  before  they  can  be 
atilized  by  the  embryo.  Some  of  these  in  the  form  in  which 
they  are  stored  up  in  seeds  are  soluble  in  water  i  such  are  the 
sugars,  dextrin,  and  a  pail  of  the  albumin.  The  other  nutrient 
matters,  such  as  starch,  the  oils,  and  most  nitrogenous  sub- 
stances, must  undergo  changes  before  they  can  enter  into  eolu- 
tion.  Some  of  these  changes  have  already  been  alluded  to  in 
Chapter  XI.,  and  are  here  presented  in  brief  review. 

I21!l.  The  conversion  of  starch  into  soluble  mailers  is  elTected 
in  the  seed  by  means  of  one  or  more  "  ferments."  In  the  pro- 
cess of  malting,^  which  consbts  essentially  in  forcing  germination 
up  to  the  point  of  protrusion  of  the  radicle  and  then  checking  it, 
the  starch  ajtpears  to  undergo  little  change.  But  if  the  ground 
maltt'd  grains  are  kept  in  water  of  a  temperature  of  68"  C.  for 
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two  hours,  all  the  starch  will  be  found  to  have  been  converted 
into  and  dissolved  as  soluble  carboh3'drates,  sugar,  and  dextrin. 
The  change  in  this  case  is  attributed  to  the  ferment,  diastase^ 
one  part  of  which,  it  is  claimed,  can  convert  two  thousand 
parts  of  starch  into  sugar.  It  will  be  noted  that  in  the  pro- 
cess above  described  the  temperature  (68°  C.)  is  much  higher 
than  that  at  which  ordinary  germination  proceeds. 

Dubrunfaut  ^  has  given  the  name  maltin  to  a  ferment  far  more 
active  than  diastase,  found  in  all  germinating  cereals.  This  is 
able  to  convert  into  a  soluble  state  from  one  hundred  thousand 
to  two  hundi-ed  thousand  times  its  weight  of  starch.  It  forms 
with  tannic  acid  an  insoluble  compound  which  retains  its  power 
for  a  long  time.  In  good  barley  meal  there  is  one  per  cent  of 
maltin. 

1220.  The  oil  in  oily  seeds  is  in  germination  carried  through 
a  long  scries  of  changes.  It  is  first  transformed  into  starch,  and 
then  follows  the  same  course  as  starch,  alreadj'  described.* 

1221.  Van  Tieghcm  has  shown  that  oleaginous  albumen,  rich 
in  aleuron,  has  an  activity  of  its  own  which  enables  it  to  digest 
itself,  so  to  speak,  and  thus  become  at  once  fit  for  the  embryo 
to  use ;  on  the  other  hand  starchy  albumen  and  cellulosic  albu- 
men must  be  first  acted  on  by  the  embr^'o,  and  thus  become 
dissolved  and  ready  for  use.* 

1222.  The  changes  which  take  place  in  a  germinating  seed 
are  accompanied  by  direct  or  indirect  oxidation  of  a  portion  of 
the  nutrit'nt  matters,  a  release  of  energy,  and  an  evolution  of 
carbonic  aeid.*  The  amount  of  COj  given  off  b^-  germinating' 
seeds  and  the  rise  of  temperature  serve  as  measures  of  the 
process  of  oxidation. 

1223.  It  is  not  proved  that  germination  can  be  hastened  bv 
chemieal  means.  Experiments  with  dilute  chlorine  water  seem 
to  show  that  the  time  can  be  somewhat  lessened,  but  the  results 
are  discordant.^ 

1224.  It  has  been  asserted  recently  that  the  presence  of  mi- 
crobes, the  minute  organisms  to  which  putrefaction   is  due,  is 


1  Comptes  Rendus,  Ixvi.,  ]).  274. 

2  Peters,  Versuchs-Sutionon,  iii.,  18G1,  p.  1  ;  Miintz,  Ann.  de  Chimie  et 
do  Physique,  ser.  4,  tome  xxii.  p.  472. 

'  Ann.  des  Sc.  nat.,  ser.  6,  tome  iv.,  1877,  p.  189. 

*  For  the  changes  in  the  horny  endosperm  of  the  date  palm   see   Sachs, 
Botanische  Zeitung,  18G2,  p.  241. 

*  See  M.  Carey  Lea,  American  Journal  of  Science,  xxvii.,   1864,   p.  373, 
and  xliii.,  1867,  p.  197. 
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essential  to  the  beginning  of  the  process  of  germination.  It  is 
sai(i  llijit  in  soil  which  has  been  completely  sterilized,  that  is, 
freed  from  microbes  or  their  germs,  seeds  provided  with  all  other 
requisites  for  germination  will  fail  to  sprout.  These  experiments 
by  Duclaux  *  have  not  been  repeated  by  other  observers. 

1225.  The  appearance  of  abundant  crops  of  certain  plants 
upon  ground  recently  cleared  b}'  fire  is  one  of  the  most  note- 
worthy phenomena  in  connection  with  germination.  At  the 
North,  two  plants  have  obtained,  par  excellence^  the  name  of 
*' fire- weeds  ;  "  namel}',  Erechtites  hieracifolia,  and  the  more 
common  willow-herb,  or  Epilobium  angustifolium.  They  are 
later  replaced  by  shrubs,  and  later  still  by  sofl-wooded  trees, 
which  are  characteristic  of  burnt  districts.  The  following  sug- 
gestions have  been  made  in  regard  to  their  appearance:  (1)  that 
the  seeds  have  been  long  buried  in  the  soil,  under  conditions 
which  have  presented  their  vitality,  but  which  did  not  permit 
them  to  germinate;  (2)  that  the  seeds  find  their  way  to  the 
ground  of  a  dealing  which  aflfords,  in  the  ash  released  from 
wootl  by  burning,  a  soil  most  fit  for  germination.  But  no  exact 
observations  have  yet  been  made  upon  the  subject. 


1  Comptes  Rendus,  c,  1885,  p.  67. 


CHAPTER  XVI. 

RESISTANCE  OF  PLANTS  TO  UNTOWARD  INPLUENCES. 

1226.  Claude  Bernard  has  shown  that  life  presents  itself 
under  three  forms :  (1)  latent,  dormant,  or  inactive,  illustrated 
bj'  the  seed  ;  (2)  variable,  or  osciUating,  exemplified  by  the  plant 
during  periods  of  apparent  rest,  when  its  activities  are  nearly 
suspended,  but  when,  in  fact,  some  chemical  changes  are  going 
on,  though  very  slight  in  degree ;  (3)  active,  or  free,  exhibited 
by  a  plant  in  full  vigor. 

It  has  been  repeatedly  pointed  out  in  previous  chapters  that 
during  their  resting  peiiods  seeds  and  other  parts  can  be  sub- 
jected to  the  action  of  influences  which  would  destroy  the  life 
of  plants  in  full  activity.* 

1227.  Inquir}'  as  to  the  kind  and  amount  of  injury  caused  to 
active  plants  b}'  hurtAil  agents  must  deal  with  the  influence  of 
extremes  of  temperature,  too  intense  light,  improper  food,  poi- 
sons, and  mechanical  agents.  Many  of  these  injurious  influences 
and  their  effects  upon  special  parts  of  the  plant  have  already 
been  alluded  to  in  previous  chapters ;  but  it  is  proper  to  con- 
sider them  now  with  regard  to  the  whole  organism. 

1228.  Efl'cets  of  too  high  temperature  upon  the  plant.  Here, 
as  in  most  otl)er  cases,  there  is  wide  diversity  among  plants, 
depending  ni)on  their  constitutional  peculiarities ;  thus,  plants  of 
the  tropics  not  only  demand  higher  temperatures  than  those  of 


1  For  som<3  account  of  various  recent  views  in  regard  to  the  nature  of  life, 
the  student  is  reftTied  to  the  following  works  :  Herbert  Spencer,  Principles  of 
Biology,  1870;  Claude  Bernard,  I^i'^ons  sur  les' Plu^nonienes  dela  Vie  communs 
aux  Aninuuix  et  aux  Vegetaux,  1871);  and  Xageli's  recent  treatises. 

For  an  interesting  account  of  the  reactions  of  living  mjitter  to  very  dilute 
solutions  of  certain  substances  which  are  i)oisonous  when  used  in  greater 
strength,  see  Loew  and  Bokorny.  These  investigators  use  a  dilute  alkalioe 
solution  of  argentic  nitrate  in  the  discrimination  between  liviug  and  dead 
protoplasm  ;  ui>on  ap])lication  of  the  reagent  the  former  turns  black,  the  latter 
remains  un colored.  The  solution  is  made  l»y  mixing  1  cc.  of  a  one  per  cent 
solution  of  the  nitrate  in  distilled  water  with  an  equal  amount  of  a  solution 
containing  13  parts  of  potassic  hydrate  solution,  10  parts  of  ammonia,  and 
77  parts  of  distilled  water  (Pfliiger's  Archiv.  xxv.,  1881,  p.  150). 
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(fldcr  climBtea  for  the  exercise  of  their  Qormnl  func-tions,  but 
they  will  also  generally  sustaiu  much  higher  dogrees  or  bent  wilb- 
out  injury.  The  diHerences  of  temperature  in  favor  of  tixipical 
plaoU  are  not,  however,  always  very  marked. 

The  following  table'  indicates  sufficiently  the  highest  tempern- 
tures  which  a  few  eomtnoo  plants  cau  bear.  The  line  at  the  top 
shows  what  were  the  immudiate  surroundings  of  the  plants  ex- 
porimcnt4Kl  u|>on;  the  columns  marked  A  show  the  highest 
temperatures  short  of  proving  fatal ;  those  marked  B,  the  low- 
est fatal  temperatures.  The  plants  were  ex|iosed  to  the  high 
temperatures  from  fln«en  to  thirty  minutes. 


tiaiueafPluil. 

Koat.ltmtB', 

Rnnt*  In  Kll, 

PUnt  In  *«U!i. 

Tn)|HColam  migui 
Citrun  AuniDliura 

A. 

B. 

A. 

B. 

A. 

K 

*7.8 
4G.5 

*7. 
*7. 
SO.G 
47. 

60.1 
GO.S 

GO. 

Ga.2 

GS. 
Gl.G 

4«. 

44.1 
S0.8 

4e.8 

62.5 

1220.  After  a  plant  has  been  subjected  to  too  high  atempera- 
ture,  its  foliage  wilts  and  boon  becomes  dry ;  and  its  leaves, 
having  once  taken  on  a  scorched  appearance,  are  unable  to 
recover  their  tui^escence.  It  may  happen,  however,  that  the 
injur)'  does  not  proceed  so  far  as  to  affect  the  latent  or  even  the 
partially  developed  buds ;  if  this  is  the  case,  partial  recovery 
takes  place  through  their  unfolding.  The  curious  fact'  that 
many  algw  can  resist  very  high  temperatures  has  been  already 
adverted  to  (see  5G6). 

1230.  EITMts  of  cold  npon  the  plant.  Cei-tain  plants  arc  seri- 
ously injured  by  low  temijeraturcs  which  are  considerably  obove 
the  freezing-point  of  water,  but  these  are  exceptional  cases. 
Klost  northern  plants  cad  readily  endure  cold,  provided  their 
tissues  are  not  frozen. 

Frost  pi-oduces  very  different  effects  upon  different  plants.  In 
some  of  our  familiar  spring  plants  the  leaves  may  be  frozen  and 
thawed  without  apparent  mischief,  but  in  general  the  thawing 
must  take  place  slowly ;  if  it  proceeds  rapidly,  the  plant  may  be 

'  DeVriei:  Archives  Ne*rlnndaisea,  t,,  1870, 

~  Contnlt  aba  Ainericaii  Journal  of  Sciencs  and  Arts,  slir,,  USTj  p.  ISiL 
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irrcparabl}^  injured.    There  are  well-known  eases  in  whieh  plants 
may  be  thawed  quickly  without  serious  injury.* 

1231.  Giippert^  and  others  have  shown  that  the  flowers  of 
certain  orchids,  turned  blue  b3'  the  formation  of  indigo  in  their 
cells  when  they  are  slightly  frozen  and  suddenly  thawed,  will 
preserve  their  usual  colors  unchanged  if  made  to  thaw  very 
slowly.' 

1232.  As  to  the  length  of  time  during  which  the  vitality  of  a 
frozen  plant  persists,  we  have  no  exact  observations ;  but  it  is 
stated  that  after  the  recession  of  a  glacier  in  Chamouni  sev- 
eral plants  which  had  been  covered  by  ice  for  at  least  four  years 
resumed  their  growth.* 

1233.  It  is  still  an  open  question  whether  much  of  the  injury 
to  certain  plants  by  freezing  is  not  strictly  mechanical,  resulting 
from  the  expansion  during  the  formation  of  ice  in  the  cells.* 

1234.  "Winterkilling.^  The  destruction  of  many  plants  by 
exposure  to  the  influences  of  a  variable  winter  is  sometimes 
attributed  to  the  injurious  effects  of  dr3ing  winds  rather  than 
to  cold  alone.  It  has  been  shown  (748)  that  the  amount  of 
water  absorbed  by  roots  is  governed  largely  by  the  temperature 
of  the  soil.  Although  the  exhalation  of  moisture  from  the  leaves 
of  evergreens  in  winter  is  not  large,  it  is,  however,  sufficient  to 
create  a  certain  demand  upon  the  soil  for  a  supply.  This  de- 
mand, sliji^ht  as  it  is,  is  of  course  greater  during  ver3-  dry 
wt'iither;  and  it  is  from  this  that  the  injuries  may  be  supposed 
largely  to  result. 

12:).*).  The  behavior  of  certain  plants  during  exposure  to  low 
temperatures  affords  some  of  the  best  illustrations  of  the  adap- 
tation of  ve<i:etation  to  its  surroundings  ;  and  the  question  as 
to  increasing  the  tolerance  of  a  given  species  or  variety  to  the 

^  Sulis  lias  shown  that  the  leaves  of  cabbage,  turnip,  and  certain  beans 
frozen  at  a  tenipeiat\iiv  of  froni  — 5'  C.  to  — 7  C,  and  placed  in  water  at  0'  C, 
are  iiniuodiat«-lv  covered  with  a  cru.st  of  ice,  upon  the  slow  disappearance  of 
which  they  resume  th(?ir  former  tur<;esccnce  (Vei-suchs-Stationen,  ii.  I860,  p, 
167).  If  such  frozen  leaves  arc  placed  in  wat(*r  of  7.5°  C.  they  become  flaccid 
immediately. 

-  Hc.lanische  Zeitun^,  1871,  p.  399. 

3  Accordin<^  to  Kuniseji  (quoted  by  Pfeffer :  Pflanzenphysiologie,  ii.  p. 
430),  this  blue  discoloration  is  observed  when  the  flowers,  placed  in  an  atmos- 
phere of  earl)onic  acid,  are  subject<>d  to  a  freezing  temperature:  in  thia  case  of 
course,  the  indi<^o  is  produced  from  chromogen  without  free  oxygen. 

*  B(»t:mis(he  Zcitun;:,  1843.  p.  13. 

^  HolfuMUu  (CJrundzii^e  der  Pflanzenklimatologie,  1875,  p.  325)  attributes 
a  part  of  the  mechanical  injury  from  freezing  to  the  separation  from  the  cell- 
sap  of  the  air  previously  contained  therein. 
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nntowflnl  influcnco  of  cold,  by  careflil  solection  of  seed  for  a 
Berks  of  ycai'9,  hue  been  successfully  aosvercd  by  cultivators  in 
some  notUiern  countiica  of  Europe.' 

123G.  Among  the  protective  adaptations  of  seedlings  to  cold 
ia  tbat  doscribcd  by  De  Vrics,'  who  bas  noted  Ibat  in  certain 
instances  there  is  a  marked  retraction  of  the  cnulicle  into  the 
ground  upon  the  approach  of  a  lower  temperature.  The  with- 
drawal is  due  to  the  contraction  of  the  eellulor  tissue  composing 
tlio  root, 

rJ^7.  Effects  of  too  tntenge  Ilgbl  spon  tbe  plant.  All  other 
conditions  being  natural,  living  jilanLs  containing  ehloropbyll  can 
perforai  their  functions  normally  when  placed  in  tbe  brigLt«Bt 
euulight.'  Even  when  the  rjiys  of  light  are  moderately  concen- 
trated upon  the  foliage  by  a  Urge  convex  lens  there  is  no  seri- 
ous disturbance  of  function.  Itut  when,  as  in  Fiingsbeim's 
cxperimenta  (see  824),  the  sunlight  is  rendered  very  intense, 
assimilation  is  arrested  and  destruction  of  the  protoplasm  soon 
ensues. 

ViSS,  Effects  of  Improper  food  npon  the  plant.  It  has  been 
shon-n  (Chapters  VIII.  and  X.)  that  ciTluin  sulwtanccs  ore  in- 
diapeusablc  to  tlie  healthful  growth  of  plants  ;  ami  it  has  further 
been  pointed  out  lliat  most  of  these  substances  may  be  offered  to 
tbe  plant  in  excess  with  no  marked  results.  It  should  now  be 
note<t  that  a  few  of  these  substances,  notably  nitrogen  com- 
pounds, applied  in  excess  may  induce  a  more  luxuriant  growth 
than  is  desirable  to  the  cultivator.  Penhallow  *  and  others  have 
pointed  out  that  certain  maladies  of  plants  are  largely  dci>eudent 
npon  malniitrilion.  In  such  maladies  fungi  are  freqncnt  con- 
comitants, in  many  cases  invading  plants  olreaily  enfeebled  by 
improper  or  insufficient  foo<l ;  in  others,  obviously  causing  by 
their  presence  and  activity  the  diseased  conditions. 

1 23U.  Effects  of  poisons  npon  tbe  plant.  X'txeiotia  Oasea.  The 
most  hurtful  of  these,  considered  from  a  practical  point  of  view, 
como  as  products  of  the  combustion  of  inferior  sorts  of  coal, 

■  ScliiihrlGT  (aee  note  on  pige  465). 

For  in  aocount  of  the  formation  of  ic  in  plantA,  and  the  iliSerant  Atgnt» 
al  tMD[HratQre  at  which  it  take*  place,  consult  Uuller  ;  Laadwirtbicbaftl. 
Jnhrlmelier,  U.,  1BS0. 

'  Botaniaclie  Zeitnns,  18TS,  p.  6iE>.  Habrrlsndt  Iiu  also  eianuccd  ths 
same  mechimiim  to  aome  extent. 

*  It  in  ■  ramiliBr  bet  that  many  pUnta  thrive  but  in  deeply  shaded  ^Irvt. 
Bartr^  in  the  cultivation  of  such  plants  ia  attained  only  by  regarding  their 
natural  condition. 

*  HonghtoD  Farm  Eiperiiuent  Department,  anies  3,  no.  iii. 
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especially  those  which  contain  sulphur  compounds  as  imparities.^ 
Formerly,  in  the  vicinity  of  large  chemical  factories,  the  escaping 
gases  were  productive  of  wide-spread  injury  to  vegetation  ;  but 
improved  methods  of  manufacture  have  diminished  this  evil  to 
a  considerable  extent. 

1240.  Sulphurous  acid,  formed  by  combustion  of  sulpbnr  in 
the  open  air,  produces,  even  when  existing  in  the  air  in  the  pro- 
portion of  only  one  part  in  9,000,  the  following  effects  upon 
leaves :  their  blades  shrivel  fh)m  the  tips,  become  grayish  yel- 
low, and  soon  drj'  so  that  they  fall  off  at  a  slight  touch.  The 
phenomena  obsen'^ed  are  somewhat  like  those  occurring  at  the 
time  of  the  fall  of  the  leaf  in  autunin.  Yet  in  the  experiments  by 
Turner  and  Christison  mentioned  in  the  note,*  the  amount  of 
sulphurous  gas  present  in  the  air  was  so  small  as  to  escape 
detection  by  smell. 

Iljdrochloric  acid  gas,  nitric  acid  in  vapor,  and  chlorine  are 
also  very  destructive  to  plants,  even  when  in  such  minute 
amounts  as  to  be  unnoticed  on  account  of  their  odor. 

Injurious  effects  are  often  produced  upon  shade  trees  bj  the 
leakage  of  illuminating  gas  from  street  mains. 

1241.  Wardian  Cases.  In  1829  Waix)  accidentally  discovered 
that  plants  could  thrive  in  tightly  closed  cases,  in  which  there 
could  not  be  any  interchange  of  the  air  with  the  outside  atmos- 
phere.*   This  discovery  led  him  to  institute  experiments  rela- 

1  R.  Angiis  Smith  :  Air  and  lUin,  1872,  pp.  465,  653. 

2  For  accounte  of  experiments  in  this  interesting  field,  the  student  may 
consult  the  following  works  :  Turner  and  Christison,  Edinhui^h  Medical  and 
Surgical  Journal,  xxviii.  p.  356;  and  Gladstone  in  Report  of  British  Association 
for  A<lvancement  of  Science,  1850. 

8  N.  B.  Ward  :  On  the  Growth  of  Plants  in  Closely  Glazed  Cases,  1852. 

The  table  on  the  following  page,  based  on  researches  by  T.  W.  Harris,  shows 
the  agents,  the  effects  of  which  were  tried  upon  chlorophyll,  and  the  results  in 
each  case  as  to  the  extnision  of  chlorophyll  pigment  (see  772).  The  figures 
in  the  third  column  indicate  results  as  follows :  — 

1.  Chloroi)hyll  gi^ains  large  and  well  defineil.  Sponge-like  structure  evi- 
dent One  or  two  globules  of  large  size  on  almost  every  grain  ;  sometimes 
almost  as  large  as  the  grain  itself,  which  is  colorless  or  nearly  so. 

2.  Globules  still  plentiful  but  smaller ;  frequently  several  on  each  grain. 
Structure  of  the  grains  evident  The  protoplasm  in  this  and  the  two  following 
grades  {3  and  4)  is  often  contracted  by  the  chemicals  used,  rendering  the  result 
more  or  less  obscure. 

3.  Globules  small,  and  fewer  than  in  2.  Grains  still  retain  some  coloring- 
matter  in  their  substance,  and  are  not  so  well  defined  either  in  form  or 
structure. 

4.  Globules  few ;  only  seen  on  a  few  grains.  Structure  of  the  grain  not 
defined,  but  under  a  high  power  it  frequently  has  a  granular  and  sometimes  s 
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live  to  the  systematic  cultivatioa  of  plants  in  such  coses  In  the 
Imptire  air  of  mBnufActuriiig  towns.     lu  the  gluaa  cases,  now 

Mellate  nppcanliii^.  In  Ibv  Intler  ciuo  itach  graiu  u  genprall;  surrounded  ti<f 
m  in^iilur  mnsi  of  colaml  prulopltum,  thsH  miuies  being  often  connected 
togetti«r  bj  threads.  This  vtellate  structuro  U  also  ofteu  brought  out  ufter 
diraolviug  out  >11  tlie  coloring-matter  by  prolonged  treatment  with  benzoic 

6.  No  result. 
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everywhere  known  as  Wardian  cases,  the  plants  are  supplied 
with  sutlicient  water,  and  the  atmosphere  is  praeticallj  satu- 
rated with  moisture.  When  exposed  to  sunlight,  the  plants  in 
the  cases  can  carry  on  all  the  operations  of  assimilation,  growth, 
and  respiration. 

Comparing  the  conditions  which  surround  the  plants  in  a 
Wardian  case  with  tliose  which  prevail  in  a  furnace-heated  house, 
it  is  phiin  that  the  plants  in  the  case  are  placed  in  what  is  es- 
sentiall}'  a  humid  tropical  climate,  while  those  in  the  house 
are  exposed  to  excessive  dryness,  and  to  an  atmosphere  which 
ma}'  contain  minute  traces  of  the  poisonous  gases  arising  from 
combustion. 

124*J.  1.1  qui  (h  and  Sol  ids.  Comparatively  few  substances 
except  those  possessing  strong  acid  or  alkaline  properties  are 
injurious  to  a  [)lant.  As  indicated  in  685,  preparations  of  arsenic 
which  are  extensively  employed  for  the  destruction  of  insects 
ui>on  crops  in  cultivated  fields  are  not  absorbed  by  plants  to  an 
a[)preciable  extent.  This  is  further  illustrated  by  the  impunity 
with  which  various  other  insecticides  can  be  appUed  to  green- 
house plants. 

1243.  Numerous  experiments,  more  curious  than  profitable, 
have  been  made  to  test  the  effect  of  ix)isonous  alkaloids  upon 
vegetation.  Many  observers  have  proved  that  some  plants 
yielding  poisonous  alkaloids  mav  be  poisoned  by  applications 
to  their  roots  of  solutions  of  the  very  alkaloids  which  they  have 
thoinsc'lvcs  pn)duc'i'd  ;  thus  morphia  may  poison  the  popp\' 
(see  DGl).  Strasljurger  ^  says  that  morphia  speedily  kills  motile 
si)ores. 

Kiilnio-  has  noted  tliat  the  protoplasmic  movement  in  the 
stamen-hairs  of  Tradcscantia  is  not  whollv  arrested,  even  after 

a. 

many  hours,  l)y  a  solution  of  veratrin  ;  and  Pfeffer '  has  observed 
that  the  cells  in  sections  of  certain  fleshv  roots  are  not  killed 
even  when  immersed  for  several  days  in  a  saturated  solution  of 
morphia  aeetate. 

As  Frank  *  su<rgosts,  these  discrepancies  in  effects  depend  on 
the  differenci's  in  the  i)ower  possessed  l>y  the  various  parts  in  the 
absorption  of  such  matters. 

1214.  Effects  of  mechanical  injuries  upon  the  plant.  The  most 
important  of  \\wsv  are  caused  by  destructive  fungi.     The  destruc- 


1  Wirkiin«^  dt's  Liditrs  mid  <lcr  Wamio  aiif  Schwiimisporen,  1S78,  p.  66. 

2  rntcrsu(liiin<;«'ii  iibrr  das  Protojdasma,  18G4,  p.  100. 
8  rnanzenphysioloido,  ii.,  1S81,  p.  454. 

*  Pflanzenkraiikheitcn,  1879. 
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tion  primarily  affects  the  cell-contents,  anij  later  llie  cell-wall. 
It  is  still  problem ntical  whethi-r  iu  cerlaiii  casus  various  prtxiiicta 
of  dfoomposilioD  arising  (tom  tlic  progress  of  ttio  fungi  may  not 
tUemselves  prove  poisouoiis  to  contiguous  parts  of  the  plant. 

One  of  the  most  important  problems  of  practical  liortieulturB 
and  agriculture  is  the  search  for  olliuient  means  bj'  which  invad- 
ing fungi  may  be  destroyed  without  at  tlie  same  time  injuring 
the  bost-phiut  to  which  they  have  attached  themselves.' 

1 215.  The  presence  of  certain  fungi  in  plants  sometimes  gives 
rise  to  abDOiiDnl  growths  and  to  various  distortions.  When  once 
their  disturbing  influence  is  felt,  the  subsequent  growth  may  be 
alfect«d  for  a  long  time,  and  the  malformations  become  of  aa 
extraordinary  cliaractcr. 

124G.  Considerable  distortions  aro  ollen  produced  by  bites 
or  other  injuries  by  insects."  Galls  —  for  instance  those  of  tlie 
oak  and  willow  —  are  among  the  most  noteworthy  instances  of 
this  kind. 

1 24  7.  The  effects  of  lightning  upon  trees  have  been  examined 
by  many  obseners.  Cohn '  and  Colladon *  have  pointed  out 
some  of  the  characteristic  injuries  sustained  by  species  of  poplar, 
elm,  and  oak,  stating  that  the  stroke  does  not  usually  affect  the 
summit  of  the  first  two,  but  that  oaks  are  IVequently  struck  at 
their  uppermost  branches.  The  conrse  of  the  injury  is  oHen 
spiral,  winding  around  the  trunk  in  stripes  wliich  involve  part  of 
the  sap-wood  and  bark. 

It  is  not  now  believed  that  any  species  of  trees  are  exempt 
(Vom  injury  from  lightning,  although  the  ash  was  formerly 
tiiought  to  possess  a  remarkable  degree  of  immunity. 

124>1.  Partial  or  complete  bUnchliig  of  otherwise  healthy  leaves 
exiMseil  to  light  has  been  regarded  by  some  observers  as  an  indi- 
c4ition  of  a  diseased  condition.  In  some  cases  the  blanching  is 
dependent  upon  a  lack  of  iron  in  the  soil  (see  79 1 ),  but  in  others 
it  appears  to  be  strictly  hereditary,  being  propagable  both  by 
bud  and  liy  seed.  Nothing  is  known,  however,  as  to  its  causes 
in  these  cases,  and  they  are  generally  referred  to  the  unsatis- 
factory category  of  sports. 

It  is  worthy  of  notice  that  a  considerable  proportion  of  the 
so-called  variegated  plants,  especially  of  those  which  have  only 

>  For  an  u^(?ouDt  of  some  nxporimBiiti  iu  this  6M,  see  Frank  :  P&uuen- 
krankhriloD,  1879  ;  and  Kohbo:  Haodhacli  der  Samdiikaixte. 

"  For  a  bLliliogniphy  of  this  Bubject,  see  Frank's  Pllanicukniiikhfiiteli. 
■  DcnkBrhrift.  d,  Schle*.  Res.  f.  vntrrl.  Kult.  Bresluu.  1S53.  p.  297. 
•  Mem.  de  la  Soc,  de  Pliys.  cl  d"  Hiat.  NaU  do  Genlive,  ISiS.  p,  501. 
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white  spots  intermingled  with  the  green  of  the  leaf,  come  from 
eastern  Asia,  notably  from  Japan.^ 

1249.  The  lease  of  life  of  any  given  plant  is  fixed  primarily 
by  the  inherited  character :  *  hence  we  have  annuals,  biennials, 
and  perennials ;  but  these  differences  are  not  in  all  cases  abso- 
lute, in  some  the}*^  are  even  ill-defined.  The  lease  of  life  is 
modified  secondarily  by  external  influences,  which  have  been 
suflSciently  discussed  in  the  present  volume.  In  conclusion, 
attention  should  be  called  again  to  the  fact  (see  Chapter  V.) 
that  in  man}*  instances  the  duration  of  the  life  of  the  plant  is 
determined  largely  by  mechanical  factors,  especially  the  strength 
of  materials. 


1  Morren  :  lieredite  de  U  Panachure,  1865,  p.  7;  Frank :  Pflaiusenkrank- 
heiten,  p.  465. 

*  The  fftadent  should  examine  Minot  on  "  Life  and  Growth.** 
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Itark.  U7.  i«. 

Calcic  hypwhlorilB  [CnCl,0,).  lue  of,  ■• 

buifuyl  grewth  (*«u,  bMi  /«(«.  I 

ablMchlngagent,  11, 

fl»),  lU. 

lUoiiH^I  growth  (bimt,  Imm;  /.elo,  I 

l-'Miitt,  3a,  M,  347,  337:  oflSw  of,  and 

mnve  low»ftt),  lie. 

B««rin  (C,H«OiJ.  IU8. 

Callua,  aa  a  mean*  of  hMlinK   plant 

BmiJII,™,.  8T  :  dining  logtibn  o(.  In 

WOUDda.  ISO:  in  rieVHwlK  S3. 

iiiiitr  bark.  l«i  la  crib™  portion.  o( 

Calj-pitT-gen  (.^rtnw,  .  cover;  t".^, 

nbm-vucuUr  butidlwi,  104;  (nrming 

I  prwlBfo),  lOT,  n. 

•bMthiotcallRteralbundloa,  123:  n- 

Cambifo™  ctIIs,  \i3. 

utiuiii  of,  UO,-  wparation  of.  rmin  tbe 

Cauibinm,    IM.    133,    I3S,    ISS;    «11- 

nem,  147;  >iw  of,  Wli  wlubility  ol. 

dlviiUnn  in,  377. 

S3,».j  ilrength  of.  ISU. 

Cainhiiim-rlng,  137. 

BmIo-i  cannin.  17. 

Cambium  Tlbna,  Bl,  a. 

Ueatol  (IVU^,  >  (olnnl  for  fal),  10; 

Camera  luclda,  4. 

Campbon,  863. 

far  mouDling,  Mj  ii»  of,  In  KPtion- 

Canada  balum.  22. 

culling,  3;  um  o(.  in  irMtmenl  of  tb> 

CaiiMugar  (C„H„0„).   amount  of,   in 

plaola,   369;    difluaion  of.  223;   tert 

Bcmul-baluoi,  S.I. 

f»r,  82. 

Dibuloui  paptr.  um  at.  B. 

Capillary  water,  !4!. 

Bicollaloral   buKdl..,    IM  s    b>   Mami, 

Caramel,  dillnsion  of,  92!,  233. 

laa. 

Carbolic  acid  (C,H,.OII),  n»  of,  a>  a 

ma,  1&8. 

cl»Bring  agent,  107;  u»  ol,  ai  a  lett 

Biforino  {*(/■««.  having  two  doon), 

forlignin,  11,  3T. 

BUncbing  of  leavi»,  iM,  nr,  4n. 

28S 

DIaMwolla  (**«««. -honl;  "iw-.Bloel, 

Carbon  diialphide  (C9^,  11. 

lh>  btlxtm  produced  on  bud.bv  glan- 

Carbonale., (cat  lor.  B,  M. 

dular  hair*. 

Cnrlunic  acid  (usfd  in  Ibis  work  aa  a 

lUfaching  prowMw,  11. 

term  for  carbon  diosldc.  CO,),  abwrp- 

Bleeding  of  planis,  3«l. 

tion  of.  bv  plant*,  2!<g,  308;  amount                      ] 

Ploom,  HT.  2<M. 

BiirnH,  occurrtncr  .if,  in  plants,  SM. 

caloric  cncrgv  in  i^hi.  314;  amount          ^^1 

IM. 

<rf.  in  nalural  waten..  300;  amount  of,           ^^1 

BniH-hingofmol.,  llB.asa. 

In  rain-waler.  m>.  30U,  a.:  amount  oT,           ^^1 

Brifllv.  m. 

Rmmin*.  M«urr«n(«  of,  In  planu.  SS«. 

rOcct  of  a  lartre  itipply  of,  upon  vtga-          ^^^H 

Bnvnian  mnT»ni>'nl.  439. 

talion,  304,  313;  ruoK  <Io  an  Uke  up,           ^^H 

Buddlne.  /M.  444. 

^H 

Bud)  on  TMvei.  1(13. 

Carmin,  IB:  •rilli  picric  ncid,  17.                       ^^H 

Rnrl-rariallonii,  444. 

CamivorotK  plant^  938.                                     ^^M 

Bimdlohpaih.  104. 

Carpogoninm.  440,  a.                                         ^^B 

Bjblid,  »45. 

Cawin  of  plant*,  333.                                         ^^H 

Ca«or-oii.  n.*  of.  a.  a  medium,  6.                   ^^H 

Caulicte  (coalinfaa,  a  imall  •tern),  403;         ^^H 

CjraivK,  Mvnmnre  of,  in  planH,  SW. 

Calfeln.  (C;H^.IJ,).  337. 

orihe.4l5;.truclur«oflhe.  lOfl,  Its.           ^H 

C.b:..r»>u.Mit..9}0. 

CaiulicfOda.     5»  Sodle  Hrdnle.                     ^^H 

Catfio  cblOTlde   (Can,),   um  of,  a«  a 

Cell.  »S;   an   wmoHo   apparalua,  229;           ^^ 

cl«ring  agent.  10:  u«  of.  a<  ■  mounl- 

ofiKinofnam..2.V                                                  " 

Ine  iTiHium.  » :  art  of,  in  lb«  mm- 

oremtot  of  tnuupinllon,  S74. 

in  plaol-hain,  3SD;  in  the  oambiom                     i 

ft. 

M 
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of  PinuSf  377 ;  in  the  development  of 
pollen-grains,  379 ;  in  the  formation 
of  stomatA,  376 ;  metli'Ml  of  demonstra- 
tion of,  380. 

Cell-plate,  376. 

Cell-sap,  carbohydratea  in  the,  51 ;  color 
of  the,  in  flowers,  170;  color  of  the, 
masks  that  of  chloruphyll,  294. 

Cells,  animal,  analogous  to  vegetable, 
220;  classification  of,  56,  59;  develop- 
ment of,  58;  method  of  determining 
the  density  of  the  contents  of,  390; 
morphological  changes  in,  during 
gp-owth,  373;  turgidity  of  newly 
formed,  389. 

Cellular  system,  57,  60,  102. 

Cellulose  (CaHioOs).  composition  of,  31 ; 
formation  of,  in  cell-division,  376;  oc- 
currence of,  with  crystals,  54;  rela- 
tions of,  to  moisture,  219;  solubility  of 
the  modifications  of,  33,  n.,  35,  n. ;  spe- 
cific gravity  of,  145;  stability  of,  354, 
857;  tests  for,  8,  11,  15,  31.  Stt  also 
Cell-wall. 

Cel]-*vali,  capacity  of  the,  for  transfer 
of  water,  258  ;  direction  in  which  the, 
is  laid  down,  380;  formation  of,  2U, 
218;  growth  of,  218,  355;  markings 
of  the,  29;  modifications  of  the,  34; 
plates  of  the,  in  cork-culU,  38;  rela- 
tions of  the,  to  protoplasm,  218;  rela- 
tive amount  of  space  occupied  by  the, 
in  fresli  wood,  2G1;  structure  of,  29, 
257:  teii'^ioiH  in  the,  390. 

Central  cylimlor.  changes  in  the,  113; 
structure  of  the,  1 10. 

Centric  arrangement  of  leaf-parenchyma, 
158. 

Ccrasin,  358. 

Chemical  absorption  by  soils,  243. 

Chemical  rays  of  the  spectrum,  308;  least 
efluicnt  in  assimilation,  310,  311,  313. 

Cherry-wooil,  use  of,  in  testing  for  lig- 
nin,  14. 

Chloral  hydrate  (CCl3Cn[0H],),  11,  42. 

Clilorinc,  occurrence  of,  in  plants,  247; 
office  of,  in  the  plant,  254. 

Chloroform  ((-IICls),  elTcct  of,  upon 
protoplaj^mic  movements,  211;  effect 
of,  ufKjn  the  Sensitive  plant,  424:  use 
of,  in  preparation  of  specimens  for 
mounting,  23. 

Chloroform-baKam,  23. 

Chloroiodide  of  zinc,  8,  33. 

Chloroleucites.     (See  Chloroplastids. 

Chlorophvll  body  (xAwp^,  green ;  ^uAAov, 
leaf),  4'l. 


Chlorophyll  granales,  96,  41,  S86;  action 
'  of  alcohol  upon,  41 ;  action  of  darkness 
upon,  42;  action  of  hydrochloric 
acid  upon,  290,  475,  a.;  action  of 
steam  upon,  290,  475,  a.;  action  of 
various  agents  upon,  474,  a.;  break- 
ing up  of,  at  autumn,  298 ;  formation 
of,  287;  in  epidermal  cells,  67;  in 
evergreen  leaves,  298;  occurrence  of, 
288;  position  of  the,  during  the  day 
and  at  night,  898 ;  Pringsheim'sstudy 
of,  13,  289;  stroma  of,  290;  structure 
of,  289. 

Chlorophyll  pigment,  41,  286;  absence 
of,  in  certain  plants,  294;  changes  in 
the,  at  autumn,  297 ;  color  of  a  solu- 
tion of  the,  not  permanent,  296;  ex- 
traction of  the,  290;  fluorescence  of 
the,  294;  in  Floridess,  295;  spectrum 
of  the,  292,  313. 

Chlorophyllan,  291,  a.,  292,  a. 

Chloroplastids  (x^P^»  green;  9\mn9^ 
I  form),  41.  Stt  also  Chlorophyll 
Granules. 

Chlorosis,  297. 

Chromatin  (XP^f^  color),  J75,  878. 

Chromatophores  (xP***«  [gen.  xP*»Afc«rov], 
color;  ^op^,  I  bear),  41.  a.,  287,  a. 

Chromic  acid  (CrOs),  action  of,  upon 
the  cell-wall,  11,  39. 

Chromoleucites.     Stt  Chromoplastids. 

Chromoplastids  (xp«^<^  color;  »Aa<ra», 
I  form),  41,  287. 

Cilia  (cilium,  an  eyelash),  movements 
by  means  of,  398. 

Cinchona,  bast-fibres  of,  148,  n. 

Circumnutation  (ciVriiw,  around;  nutn- 
tin,  a  nodding),  400;  in  seedlings.  403; 
methods  of  observation  of,  401;  modi- 
fied, 401,  407;  of  the  radicle,  403.  415; 
of  tendrils,  417;  of  the  young  parts  of 
mature  plants,  405. 

Citric  acid  (CHsOt).  360. 

(Matliratc  cells  (clathri,  a  lattice),  the 
name  given  by  Mohl  to  cribrifonn 
cells. 

Clave V  soil,  238. 

Clearing  agents,  7,  10,  11. 

Cleft  of  a  stoma,  269. 

Climate,  adaptations  of  plants  to  a  drv, 
280. 

Climbing  plants,  405. 

Clinostat  (cAiw*,  I  incline;  vrarof, 
placed),  408. 

Close-fertilization,  447;  results  of,  con- 
tracted with  those  of  cross-fertilization, 
448. 
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CluKd  bundlo,  104,  128. 

Corliol  ibcHlli,  >  term  ipplicd  by  Kt      ^^| 

Ccl-wr  a>\un,  18,  39. 

goll  to  tbe  whole  of  Uu  primuj  b«t>     ^^M 

CtAitU,  occurrcnca  of,  iu  pluiU,  au. 

^H 

Cocliinrtl,  18. 

Collon.  ITS.                                                       ^^M 

(^M.  efl»uot.  npon  plant*,  ITI. 

Cofciiriiitt  (»*■».,  iLeWlii  ii-iCm,  rwrt), 

Covgr-gluu),  4,  «.                                           ^^M 

lOT.  ». 

Creuwting.  143.                                            ^H 

CribriComi  U»<u  (crifrrum,  >Jflve;/anM,       ^H 

131. 

form),  01.                                                 ^H 

Crlbro«-alli.     £»  Slcve-utl>.                      ^^H 

infiuioD),  64:  '■•  ™u,  llOl  >lr*ugU] 

of,  IDl. 

Cnne-feniliuliuD,  44T :  reaulla  of,  eon-      ^^M 

ColloiAi  {.**>-.   Rluei  .!»«,  like),  833. 

m,». 

^H 

••ClonA"piMatt.iSi. 

Crown  of  (bo  root.  ISS.                                ^^H 

Colon,  u  tieclir  gnidra.  463 !  of  flowert, 

ITO,  Ua;  >.l  fraiU,  ITT;  at  pluilii  de- 

rooUof.lltti  slomiol,  IGl.                        ^^M 

roloptd  in  darkuw,  3S8i  of  Kcd*, 

lTS;ofw«Kl>,  lit. 

Comniunily  in  liUnd,  425. 

Ibnn},  4a,  4T.  183.                                    ^^M 

ehyma  in  liwf  of  tlie,  ISO. 

Cryttkls,  coinpoeilion  of  pUnt.  54;  tar-      ^^M 

ComplUeoxliUtion,  35S. 

niMion  of,  by  Vcm|Iu!'s  inttlwd,  M(       ^^H 

{;oaip<>und  hiin,  68. 

fornit  of  pUnt,  63;  in  but,  89,  147)      ^^M 

CinipQund  microBcopo,  1. 

occurrence  ot,  in  plut*.  S3.  M,  ».              ^H 

Cnaipauiid  pialili,  ITS. 

Coltiv.tcd  pluif,  .npidy  of  uilrogin  10,       ^H 

Oitioeulrio   bnndle.,  «truclurg   of,    104, 

^^H 

laa, 

Cupric  wcUlc  (Culi.',II,0,),|,  ui.c  of,  in       ^^H 

ConilucMvo  tioaut  of  ihe  ov>rj%  t39{  ut 

tlw  ityle,  431. 

Cupric  ■ulptwu  (CuSU,),  li.                       ^^H 

Coaiclulin,  ZOS. 

Curvatun  of  concui.ion.  aiKI.                          ^^M 

CoolfCTin  (CiJlaO,  +  !H,0).389. 

Cotkt«  (Mif.'n>/n,  tbe  ikia),  UB;  loluUl.       ^^M 

ilj  of.  34,  n.                                                   ^H 

dcgnmof,  446. 

CiLtin  (nrl^,  «kk),  38.                                  ^^M 

Copper  Mit*.  lus  of,  in  uuikiaB  ptcdpi- 

Utioti-meinbrwraa,  3SS. 

CutUM,  IS.  «.                                                                           ^^1 

ConUlin  (CWH„0,).  IS. 

Cvmnic  llowur  colon  (•--rtt,  dick  blue),        ^^H 

C*irk,   M  ■    i»«n.   of    h«lins    pl.nt- 

^^1 

CTilolilbK    (<»mi.    bUddcrj     A'*n.    ■        ^^H 

of.TB:  color  of  cdliut.TGi  fomuinon 

^^M 

Of  Mill  or,  TS:  oriEin  md  formiiioo 

of,  T«,  148;  roKUon  of,  with  iodiae. 

M.  «. 

DAHAu.vt.3aa.                                  ^^M 

Curk  camhiuni.     Srr  Pballcigea. 

Darktiw.  color  of  pU'iU  developed  in,       ^^M 

Cork-torn*  «lli,  H8.  •.. 

3f9;  effect  of.  upiFii  opcniuK  and  cloa-        ^^^| 

ing  of  aKiniali,  3T0;   rflrcl  of,  upon        ^^H 

«8. 

Darlintctouia.  343.                                              ^^M 

CorrHion  br  rood,  34fl. 

ride. 

Peeradition  produclt.  4U,  362.                      ^^H 

Cortex  feoritu,  the  bark).  In  p>mlt>c 

Itensilv  of  wood.  144.                                ^^H 

roow.   116;   in  rooU,  UO,  113;    in 

Dcplb  to  wbicli  ro..<>  bnucb,  B3S.                ^^H 

Menu,  Ite. 

Derivative  hybrlOi.  458.                             ^^H 

^ 

^d 
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Dermatogen  (^^§^  [gen.  Uptumt]^  skin ; 
ytyvoM,  I  produce),  105, 118,  166. 

Desmids,  moveroeDU  of,  3U8. 

Deamodium  g>'^rans,  413. 

Dextrin  (CdlioOs),  61,  368. 

Dextrose.    See  Grape-sugar. 

Diageotropic  organs  {^^i  through;  rv* 
the  earth;  rptfvof,  a  turn),  3U2. 

Diaphragms,  for  controlling  the  illumi- 
natiou  of  niicroecopic  objects,  S;  of  air- 
passages,  100. 

Diastase  (iidamvts,  separation),  468. 

Diatoms,  movements  of,  398. 

Dicotyledons  (*»«,  twice;  #toTvAi|&ir,  a 
cup-shaped  hollow),  distribution  of 
mechanical  elements  in,  193;  secon- 
dar}'  structure  of  stems  of,  136 ;  stems 
of,  129. 

Diffusion,  laws  of,  222;  of  liquids,  221; 
of  gases,  301. 

Diona^a  muscipula,  342;  related  to  Dro- 
sera,  361. 

Dipsacus,  360. 

Discoid  markings  (dtaxof,  a  round  plate; 
•Uotf  form),  30,  8S. 

Diseases  of  plauts,  470. 

Dissecting  instruments,  2. 

Distances  to  which  roots  extend,  236. 

Division  of  labor  in  the  plant,  186. 

Double-staining,  19. 

Drainat^c  of  soili^,  amount  of  solid  mat- 
ter dissolved  in  water  from,  244;  rela- 
tions of  rain-fall  to,  242. 

Drawing  of  preparations,  4. 

Drawn  shoots,  388. 

Drosera  rotundifolio,  339;  related  to 
l)inna>a,  351. 

Drosophylhmi,  345. 

I)rv  mounts,  20. 

Ducts.    Ste  Vessels. 

Duramen  (tlurart^,  to  harden).  See 
Heart  wood. 

Dwellin^-hou.''es,  plants  in,  368. 


Eartii-worm.s,  influence  of,  upon  the 
character  of  the  soil,  239. 

Egg-apparatus,  435. 

Electricity,  effect  of,  in  forming  nitrogen 
compounds  in  the  atmosphere,  332; 
relations  of  protoplasm  to,  207. 

Electric  light,  effect  of,  upon  assimila- 
tion, 31G. 

Embryo,  life  of  the,  459. 

Embryo-sac,  434. 

Enchylema  («yx<«i  I  pour  in),  198. 


Endodermis  (<i'<or,  within;  t%>i«,  tibe 
skin),  63,  104,  110, 120. 

Endogenous  stems  (<i4ov,  within ;  ifn««h 
I  produce),  129. 

Endopleara  (••"Sor,  within;  vktvpi^  the 
side),  178.  • 

Endosmose  (StfiWf  within;  ^^itM,  a 
thrusting),  829. 

Endosperm  (c*^^  within;  vwdfiiim^  aeed), 
437. 

Energy,  307,  323;  supply  of,  for  work, 
364. 

Eosin  (C«»H.Br«Os),  19. 

Epiblema  (iwifiAmia^  a  cloak),  230. 

Epicotyl  {iwi,  upon;  K»rvk%  a  cap),  409. 

Epidermal  spines,  (^. 

Epidermal  system,  102. 

Epidermis  (<«s  upon;  <^p#<m,  the  skin), 
68,  64;  cells  of,  66;  diffusion  of  gases 
through,  302;  multiple,  67;  of  the 
flower,  170;  of  the  leaf,  161;  of  the 
ovary,  172;  of  the  stem,  119;  waxy 
coatings  upon  the,  66. 

Epinastic  curvature  (^m,  upon;  tm^rit, 
pressed  close),  408. 

Epiphytes  (<»*.  upon;  ♦»**',  a  plant), 
362. 

Episperm  (cv»,  upon ;  w^o,  seed),  178. 

Epistrophe  {ivurrpa^^),  a  taming  aboat, 
399. 

Epithelium  of  air-spaces  (^v«,  upon ;  9^^^ 
nipple),  lUl. 

Equilibrium  of  water  in  the  cell,  268. 

Equisetum  {equus,  a  horse;  taeta  [m/o], 
hair),  epidermis  of,  154;  stem  of,  154. 

Erythrophyll  («pw*p6t,  red;  ^vAAo*-,  leaf), 
2U1,  n.;'297. 

Ether  (CiHioO),  effect  of,  upon  protcv- 
plasmic  movements,  211;  a  solvent 
ifor  fats,  12. 

Ether  (of  space),  306. 

Ethereal  oils,  362. 

Etiolation,  288,  291,  295,  388. 

Etiolin,  2U1 ;  spcctnim  of,  296. 

Evaporation,  com{)ared  with  transpira- 
tion, 275;  from  an  animal  niembmne, 
275;  from  soils,  241 ;  from  the  surface 
of  a  plant,  257;  relation  of  growth 
to,  271,  n.;  relation  of  rain-fall  to, 
242. 

Evergreen  leaves,  164 ;  changes  of  chlo- 
rophyll granules  in,  at  autumn,  2U8. 

Exine.    See  Extine. 

Exogenous  stems  {<(**,  outside;  y«>'»«*», 
I  produce),  129. 

Exosmose  (((<*>,  outside ;  wntm^,  a  thrust- 
ing), 229. 
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ExtiDO  Itxltr.  nil  llie  nutnidc),  iSS. 

ICxudklion  ol  water  from  uniujurMi  parti 

394. 

olpUul^WT. 

Fluorine,  occurreuoe  of,  in  pluits,  366. 

Faliv  tntt  t/oliiM,  ft  leaf).  13£. 
Fo»d,<Secu  of  improper,  upon  pUmle, 
473;  maleriali  lor,  in  Hedi.  182,  44T, 

FlLLoflbBl*^.  IW.  aiT. 

467;  method*  of  ulUiMtion  of,  S54. 

I'udcla  ol  mouu  (/mcicuIiu.  >  ■miU 

Foramen  of  the  ovule,  ITS. 

bundl.).  lat 

Force  exen«d  during  growth,  MS. 

Furkulirtyiledi.  lOJ. 

Forcing,  444. 

»■«.,  occufNiUK  of,  in  pl*uU,  8S0;  «>V 

Faresu,   effect  of,  npon  tha  amounl  ol 

Yiutalor,  10,  II,  la. 

water  In  the  »il,  SKI;  elTect  of.  upon 

I-enn«it»,  838,  300, 167. 

Fonnioaldtliyde  (CB^)  bypolbeus  b         1 

4U,  4U;>IHusaf,  IM. 

Forms  of  life  of  the  plaiX,  47a                      ^^M 

Fame  luttale  (Fe[(:,U.U,],)  ued  «■  > 

FovillB  (/evee,  1  cheriah),  439.                        ^^M 

Ictlfartonniii,  IS. 

Farrio  cbluride  (Fc,Cl,}  lucd  u  ■  tot 

fur  UDiiin.  13, 

Free  nitragea  not  avaliable  In  plania,        ^^H 

Ferric  wlplula  (Fe.fSOJJ  lued   u  a 

m.                                       ^^M 

t«.r»rl.m.i..,  13. 

Free  veins  in  leavet,  ICT.                                  ^^H 

Vnmy-B  process  for  exlraclion  of  the       ^^H 

gndn  at  punlml,  U6;  in  •ngi-wpc™,, 

chlomphyll  pigment,  »»,                          ^H 

4Wi  in  AitfenM  ilc«r»i  q(  twiMit- 

Fn^-a  ^yoerin-canalB.  17.                           ^^M 

ID   hvbridfc  4M;   tndlU  ol  diSircnt 

bnuKh),  131.                                             ^H 

Frost,  effect  of,  upon  plBnt^  471;   not        ^^H 

Fibn-  (jttm.  ■  flbn),  ISr.  TM;  Wt,  8Ti 

ii<<c«Har)>  to  the  produclioti  of  the  au-        ^^H 

iMinbiuui.  SI ;  tlbiT,  BT;  libridinn,  80; 

tumnal  cbangei  of   njluc  in  loavea,       ^^H 

80. 

393.                                                                   ^^M 
Fruit*,  change*  in  the  ripening  of,  460;          ^^^f 

Fibn..v.»iil.r  bundle  (jfira.  >  flbn; 

cltsaiHcalioD  of  oiptoeive,  400;  color-                    1 

mjHWm.  ■  »miill  vm«i).  103i  bkol- 

Ing-matlen  of,  177;  faMcniog  of,  in 

Ulcnl.    i(H:  cl«wd,    IM,    IWj   ml- 

lUerd,    104,    laii    CDiiwnlHc,    104; 

■  Ii.ru  of,  104, 1 11 !  courw  of.  106,  IBB; 

due  to  change*  in  ripening  of,  400;          ^^m 

dbiribuikin  of,  In  dkotyledon*,  110; 

natnn  of,                                                         ^^M 

diMribution  of.   in  palmi,   137.  190. 

131,  ■.:  tormatioa  of,  130, 137;  in  the 

Fundameiilal  oi^tl*,  SB,  60,                                ^^M 

floww,  nO;  in  the  l«(;  IM:  in  Ihe 

ovarv,  ITS:  in  Ihc  >icn,  ISO ;  nuwbi^r 

^^H 

of,  in  Ihanntnlcjlinair,  llli  open. 

Fungi,  injurie*  to  plant*  by.  474.  476;        ^^M 

104;  ndtal,  lU4i  nlilioD  of  the  num- 

golutioD* for  cultivation  of,  331,  k               ^^H 

ber  of .  in  tha  ieavM  to  [be  number  of. 

Funicului  lfumieulu4,  ■  aleader  cord),        ^^H 

in  the  iteni,  13S. 

^^1 

Fibro-vwcuUir  >v>lem,  BT,  lOa. 

Flllerin6-p«per,  lue  «1,  5. 

Flltruion  tbrough  »ile,  343. 

Galuq  acid  tCiHtO.).  361.                         ^^1 

Fixed  >ir,  3M. 

formaUon).  486.                                                   1 

Fioiai  cloelE.  413. 

Gutt.  abuiplion  of,  by  water,  800,  ■-; 

FloridMB,  coloriiiffHDMMn  ot  SfllS. 

eondentatioQ  ol.  by  «.il^  SM;  diSu- 

Flower*,   colon  of,  ITO.  453:  davelop- 

tbm  of.  801;  effect  «f  noiioiii.  upon 

ment  of.  160 ;  od..r*  of.  4M!  reipirded 

plaDtn,  473;  eDnct  of  rarlDua,  upoa 

■*  JDodiKed  brwirhet,  100:  limee  ol 

grawlh,  3Sli  in  rain-water,  300,  •.; 

opening  udcUiDs  of,  412. 

^ 

M 
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from  stomata,  302 ;  passage  of,  throuf;^h 
stomata,  303;  proportions  of  various, 
in  the  air,  303 ;  relations  of  protoplasm 
to  various,  210. 

Gelatin,  of  plants,  364;  tannate  of,  226. 

Gelatination,  34. 

Genera,  447. 

Genlisea,  346. 

Gentian-violet,  380. 

Geotropic  organs  (yi?,  the  earth;  rptfvof, 
a  turn),  392. 

Geotropism,  3U2. 

Gerlach's  ammonia-cannin,  16. 

Germination,  changes  during,  468;  con- 
ditions of,  462;  not  hastened  by  chem- 
ical means,  468;  of  oily  seeds,  368, 
468 ;  phenomena  of,  466 ;  relations  of, 
to  light,  466;  relations  of,  to  tempera- 
ture, 464 ;  stages  in,  462,  n. ;  time  re- 
quired for,  at  various  temperatures, 
466;  when  complete,  462. 

Girdling  of  stems,  258. 

Glaciers,  aid  of,  in  the  formation  and 
distribution  of  soils,  238. 

Glands,  nectar,  451 ;  of  the  Drosera  leaf, 
339:  of  leaves,  161. 

Glandular  hairs,  68. 

Gliadin,  364. 

Globoids  {gliibut^  a  round  body)  47 

Glucose  (Un„0«),  52,  359;  held  to  be 
the  first  product  of  a:>similation,  322. 

Glucoside,  2^2,  n.,  3G2. 

Cilutcn-casein,  3n.'J. 

(Jiuten-fll.rin,  .IjU. 

GIvoerides.    i>et  Fats. 

Glvforin,  effect  of,  upon  protoplasm  in 
cells,  199;  use  of.  as  a  medium  in  mi- 
croscope work,  5;  use  of,  as  a  jirc- 
servative  medium,  21;  use  of,  as  a  re- 
agent, 12. 

Glycerin  ethers,  300. 

Glycerin-jrlly,  22. 

G(>U1  orange,  19. 

Gold-size,  24. 

(iraft-hybriils,  4-15. 

(i rafting',  ir>2,  444. 

(trains  of  the  cereals,  181. 

(iranulose   {'jvanulum^  a  small  grain), 

50. 
(irajK'-su^'ar,  350.    Set  also  Glucose. 
(Gravelly  soil,  2:J8. 
Great  curve  of  ^Towth,  389. 
Green,  brilliant,  19;  emerald,  19;  mcthvl, 

19. 
Green  ehloropliyll,  322. 
(ircnacher's  aluni-carmin,  17. 
Growing-point,  106. 


Growth,  355,373;  assnmption  of  definite 
form  during,  894;  basifugal,  156; 
basipetal,  156;  changes  which  accom- 
pany, 373;  conditions  of,  384;  direc- 
tion of,.  392;  effects  of  atmospheric 
pressure  upon,  389;  effects  of  gases 
upon,  384 ;  effects  of  light  upon,  887, 
392 ;  effects  of  temperature  upon,  385 ; 
external  pressure  retards,  ^5;  force 
exerted  during,  395;  great  curve  of, 
889;  instances  of  rapid,  384;  in  what 
it  consists,  373 ;  measurement  of,  383 ; 
not  always  associated  with  increase  of 
weight,  373;  observation  of,  874;  of 
the  cell-wall,  218,  882;  of  the  leaf, 
155;  periodical  changes  in  rate  of, 
389 ;  planes  of  walls  at  point  of,  381 ; 
relations  of  oxygen  to,  888. 

Guardian  cells,  70;  development  of,  376; 
mechanism  of,  269. 

Gum-resins,  98. 

Gums,  51,  368\  diffusion  of,  222,  ii. 

Gymncecium  (yvmy,  a  woman;  o2«oc,  a 
house),  426. 

Gymnosperms  (yv/M^,  naked; 
seed),  426,  437. 


H.KMATOXTLIN  (C»«HmO,+ 8H,0),  18, 
46,  211,  380. 

Hairs,  68;  cell-division  in,  380;  com- 
pound, 68;  occurrence  of,  in  air-pas- 
sages, 100;  of  seed-coat.  179;  simple, 
68;  used  in  study  of  protoplasm,  198. 

Hales,  device  of,  for  noting  the  growth  of 
a  leaf,  156;  ex|)crimentsof,  upon  trans- 
piration, 271;  observations  of.  upon 
the  transfer  of  water  through  the 
stem,  2.'>8. 

Hartig'scarmin,  16. 

Healinj;  of  plant-wounds,  150. 

Heart -wood  (Duramen),  141. 

Heat,  absorption  of,  by  soils,  245;  effect 
of,  upon  the  direction  of  growth,  394; 
effect  of,  upon  oj^ening  and  closing  of 
stomata,  270;  effect  of,  upon  transpi- 
ration, 277;  effect  of,  upon  vitality  of 
seeds,  20r»;  evolution  of,  during  res- 
piration, 370;  relations  of,  to  gennina- 
tion,  404;  relations  of,  to  protoplasm, 
201.     See  also  Temperature. 

Heat-rays  of  the  s|)ectrum,  308. 

lleliotropic  curvatures  (n^i<K,  the  sun; 
Tp<ijro«,  a  turn),  393. 

Heliotropism,  392. 

Ilepatics,  absorbing  organs  in,  117. 

Heterogeneous  pith,  124. 


GLOSSASIAL  INDEX. 


Hilum  (hllum,  ■  litile  thing),  4S. 
Hohtidi  laU  tor  ligiiiii,  10, 14. 
Hamogencoua  pith,  IDi. 


lioyar' 

Humiu,  Wr,  H 

Ilumiw^uiU,  33T. 

Hamm  wiU.  S3S. 

Hybridiistioo,  M7,  US;  recipmckl,  US. 

Hybrid!,  IW:  derivaUve,  MB;  prwluc- 

tioDDfanlAcul,  U6iiirengUiof,  US; 

laadeoc]'  of,  la  rirv,  IBS. 
Hydrochloric  acid  (UCi),  13t  diffniioD 

of,  233;  uted  in  Ihe  exam  lull  iua  of 


HygnHCOpiclt]'  (yypit,  w«l;    ntirte,  I 

look  at),  aaa. 
II,v|;tiiacapiD  mcnramenli,  390, 
HygroKopIo  oalcr,  US. 
Uypochlarii]    (vir4;(Aap«,  gneniib  yel- 

iui>l,3»l,  J2f. 
HTpooDlyl   (iirj.  undcc;  nnt,ti,  >  cup). 

Am  CuiiirlF. 
Hypodcruui (vn,  under; Upfia.thi akin), 

U}-poiiaitiocurvaturT(i>id,Dtider;  rmrrit, 

clusopreuad),  tOS. 
Ilytlerogenlc  interciUular  Bp««  (;*t*- 

rot,  after;  v««-,  I  produce),  99,  ». 


iDiOBLAsra    r>l»T.   pvcBliari    I>*trr6t, 
offiliool),  SB.  «.,  07. 

ID  of  lbs  wood  elamaoU  lo  the 


uotir 


I,  143. 


Indiridaal,  42i. 

lodol  <CuHhNi],  ate  ot,  uitcsl  (nr  Itg- 

nin,  13,  37. 
Inferior  ovaries,  arranjtenwnl  of  flbro- 

Tmacular  bundlu  in,  IT4. 
Initial  nil*,  IDS. 
InjuriM,  of  Ibe  Hem,  149;  to  the  plant, 

4T0. 
IiucclJVDniu*  plant!,  3SSi  llilot  worki 

nlatlng  to,  mi. 
iDlrKumcnti  of  the  H«d.  178. 
Istiiinllular  space*,  60,  SO  ;   mods  o( 

drrelopinenl   ii(,   09;   occiutcuce   of 

pruii.plaiiu  in,  31T. 
Inlirmpdiate  anne,  134. 
Inlcroal  glaudi,  100. 


[chlo- 


InterMicea,  lOD. 

Intexlina,  438,  ■. 

Inline  (uUw,  within).  128. 

lutraniulecular  ropitalion,  370. 

Inluuuscvption  llieory  regarding  mode 
of  eroiTtfa  of  the  cell-wall  (inlu  wilb- 
in;  nucr/ilio,  a  laklug  up),  310. 

Iniiliu  (UHhOi),  compoiitloii  of,  51 ;  oc- 
currsnca  of,  in  plauu,  3&8j  leila  tor, 
12,60. 

Inverted  luear.  SG9. 

ludint,  ai-'Iiou  ot  lighl  on  Kilulioni  of, 
0;  action  of.  upon  callua,  01;  occur- 
rence ol,  in  plants,  iM;  •olubilit)-  of, 
8;  la  a  leal  lor  cclluloH,  S;  as  a  t«et 
for  italth,  S. 

Ipoiniia,  eiperiinenla  upon  tertjiiiatkia 
of,  44S. 

n)phrltgranulea,£S4,  307: 
of,  in  ath  of  plania,  247; 
of.  In  plant*,  !M. 
laodiametrlc    cells    pavt,    equal; 
itarougb;  fUTpsr,  meaauro),  M. 


Kartokixksib  (n^ar,  kemcl;  •»<«,  I 
change),  a  lerm  uied  to  deai^nate  Iha 
HTJcs  of  changes  whicii  Ihe  nucinu 
goes  Ihrough  in  ce I Udi vision. 

Kinetic  energy  («xni,  I  move),  307. 

Knot.  IH. 

EnuB'a  pmceu  for  extraction  of  Iha 
chloTDf^Tli  pigment,  201. 

Kyaniiingl  143. 

Kj'anapbyli  <»»«,  dark  blue;  «>iJXA«v, 
leaf),  391. 


LAnitRXCV,  continuity  of  protoptasni  in 

l^oluca  Scariola,  itructure  ol  laaTU  of, 
160. 

UcuniE  (lacuna,  a  cavity),  100. 

Ules,  98. 

Laux^ellt.  01. 

Latex-tubea.    Set  Lalex-celU. 

LaureUamphor  (C,^,^),  303. 

Layering,  444. 

Lead,  occurrence  of.  In  planti,  2M. 

Leaf-trace.  131, it. 

Leaves,  atnorplion  ot  ammoaia  by,  339, 
3tl;  absorption  of  aqueous  vapor  by, 
2S3;  adaptatwDs  of,  to  climate,  380; 


L 


490 


GLOSSABIAL  IKDEX. 


alterations  in  the  color  of,  when  ex- 
posed to  brii^bt  light,  996;  aah-oon- 
Btituents  of  autumn  and  spring,  com- 
pared, 281;  autumnal  colors  of,  2U7; 
budst  on,  162;  chlorophyll  in  evergreen, 
298;  development  of,  165;  epidermis 
of,  161;  exogenous  structures,  155; 
fall  of,  162;  fibro>vascular  bundles 
in,  156;  glands  of,  161;  growth  of, 
156:  midrib  of,  157;  of  mosses,  164; 
of  submerged  phaenogams,  161;  pa- 
renchyma of,  158;  quality  of  light 
which  penetrates,  309 ;  relation  of  age 
of,  to  transpiration,  279;  roots  pro- 
duced from,  162;  sensitiveness  of,  419; 
transpiration  from  opposite  sides  of, 
274. 

Legumtn,  363;  compared  with  asparagin, 
365. 

Lenticels  (Unticula^  a  freckle),  151. 

liCucites.     See  I^ucoplastids. 

Leucoplastids  (Acvxtff,  white;  vAo^vm, 
I  form),  41,  43,  287 ;  detection  of,  44. 

Lianes,  138. 

Liber-fibres.     See  Bast-fibres. 

Libriform  fibres,  80,  143. 

Lichenin  (CJIuOi),  358. 

Life  of  tlie  plant,  forms  of  the,  470. 

Light,  amplitude  of  waves  of,  306;  classi- 
fication of  rays  of,  308;  depth  to 
which  green  tissues  are  penetrated 
by,  309;  effect  of  absence  of,  upon 
plant!*,  388;  cfft»ct  of,  upon  the  move- 
meiitfl  of  twinin^-plants,  407;  effect 
of,  n{Min  opening  and  closing  of  sto- 
niata,  270;  effect  of,  upon  protoplas- 
niir  inoveineiit}*,  200;  effect  of,  upon 
transpiration,  277;  effect  of  too  in- 
tense, u|Min  plant.H,  473;  intiuence  of, 
U{>on  germination,  46G;  influence  of, 
UfMin  re^pirati(ln,  3(>i);  intluence  of, 
uiM>n  tiie  structure  of  leaves,  160; 
intensity  of,  306;  length  of  waves  of, 
3()G,  n.;  nature  of,  306;  quality  of 
the,  penetrating  leaves,  309;  relations 
of  growth  to,  387,  392;  relations  of  the 
various  kinds  of,  to  assimilation,  305, 
307,  309.  310,  312,  310;  use  of,  in 
niicroscojw  work,  2. 

Lightning,  effect  of,  upon  trees,  477. 

Ligniticatitm  {lignum,  W(H>d;  /ncio,  I 
make),  34,  36.  02. 

Li^rnin,  composition  of,  30;  polubility  of, 
30,  w.,  37;  tests  for,  10,  11,  13,'  14, 
37. 

Liguir(''Ose,  37,  n. 

Lignone,  36,  n. 


Lignose,  86,  %• 

Ligules  (Uffulaf  a  little  toogne),  arrsng*- 
ment  of  fibro-Taacular  boodlea  in, 
158. 

Lithium  used  in  the  determination  of  tha 
rate  of  transfer  of  water  through  tha 
plant,  260. 

Lithocysts  (Atfof,  a  stone;  cvarftt,  blad- 
der).   See  Crystal-cells. 

Living  parts  of  a  plant,  195. 

Locomotion,  397. 

Luminous  rays  of  the  spectrum,  306. 

Lycopodiaces,  stems  of,  154. 

Lysigenic  development  (Avvtf  t  a  parting ; 
ynviu,  1  produce),  99,  ». 


Maceration,  7, 12,  14,  77,  «.,  80. 

Macrocytis  pyrifera,  size  of,  188. 

Hacrospore,  443,  n. 

Magenta,  19. 

Magnesium,  occnrrence  of,  in  plant-aah, 
247 ;  oflSce  of,  in  the  plant,  353. 

Malic  acid  (CaUcOs),  occurrence  of,  in 
pUnts,  360. 

Maltin,  468. 

Malting,  467. 

Manganese,  occnrrence  of,  in  plants,  256. 

Manures,  834. 

Markings,  annular,  30,  85;  discoid,  30, 
82;  of  the  cell-wall,  29;  reticulated, 
30,  85 ;  s<>alariform,  84 ;  spiral,  30,  84. 

Ma.skenlack,  24. 

Measurement,  of  the  amount  of  assimi- 
lation, 312;  of  growth,  383;  of  micro- 
scopic objects,  3 ;  of  transpiration,  271 ; 
unit  of,  in  microscope  work,  4. 

Mechanical  elements,  distribution  of,  in 
dicotyledons,  193;  distribution  of,  in 
monocotyledons,  191. 

Mechanical  injuries,  effect  of,  upon 
plants,  476. 

Mei'hanical  irritation,  effect  of,  upon 
protoplasmic  movements  208;  effect 
of,  upon  transpiration,  278. 

Mechanics  of  tisnues,  188. 

Media,  for  examination  of  microscopic 
objects,  4  ;  mounting  or  preservative, 
20. 

Medullarv  ra\'s  (medulla^  the  pith),  61, 
114,  124. 

Medullary  sheath,  the  primarj"  xylem 
bundles  projecting  into  the  pith  from 
the  cambium-ring. 

Member,  a  term  employed  to  designate 
any  part  of  a  plant  when  it  is  treated 
with  reference  to  position  and  struc- 
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ture  of  daiDi  of,  13A;  sUmu  of,  1S9;        ^^| 

lion. 

lypei  of  tlcou  of,  133.                                               1 

Horphi.  (C„H^O,  +  H/)),  887,  366.                  1 

■  nMrabnne;  yn^.K,  lob*  born),  tn,  B. 

4-Q. 

Ucraiiiiu  chtoride  (UgOlt),  13;  wlution 

of,  for  tnMownt  ol  protain  gnnulu, 

the  (Oil  in  r«t«itioa   of  wilar.   383;         ^^ 

tUina  of,  IM.                                                  ^^H 

U<>tbe[«ll>,  ofpotlcn,  171,  STfi;  ofito-      ^^M 

MarliKm. 

mala.  73,  370.                                                  ^^M 

HoTulctn  (..<MTM,  diviKible),  6».  Ida. 

Uuopbvll    <»««.    niitldlc;    «.u...,   a 

(ully  knoKO,  414;  duo  lo  clmugea  in       ^^H 

Imf. 

.inurlure  during  ripvaiuK  of  fmiw.       ^H 

Idotom.  ISI. 

40U;    liygrowopic,    31W;    ol    eilUled          ^^ 

U»lacdlul«o.  3&,  ». 

Mooh  found  i«  id.»t^  347,  2BB. 

niaton.«,398;o(lrtVB,4ie:  of  proto- 

plMm,  Itra,  3B8;  of  Mcdliiig*,  403;  of                    J 

that  wtaiuh  ii  runiMd),  Uie  naiiiB  1^  VCD 

ibu  Trfegraph  planl.  413;  of  Modrili,                  1 

by  HiDitein  U  tbo  Kninuluiubflwi(»i 

4W,  417;  of  twining  planta,  KU;  of       ^^M 

young  parla  ol  matun  pUnt*.  tOb;        ^^M 

Meihyl-grwii,  W,  aSU. 

nvulvins,  400;   >l»p,  40U ;  *l«ep,  U       ^^M 

Miitului>   (■•TwiTuii,    *   ramoviab'}. 

colyluliuis,  411;   ilecii,  ol  Rural  at-       ^^H 

(Cann,  413;  ipanlaneoua,  413;  alilily       ^^H 

Hctiivl-vi<.leI"BUltBBB."  19. 

^^M 

Micd'liB.  W?,  26T,  »)3i   UtnctionR  of, 

Mu«din,  384.                                                      ^^M 

!13, 318. 

Uiu:ilas>,   convertdon  of    Ibo   cell-wall         ^^1 

MicroowWr,  3. 

inlo,  34(  in  tbe  cell-up,  Gl;  tolubiUly        ^^1 

of  vcR«table,  33.                                              ^H 

Hkropyle  {^^Mt,  •eo'lli  "*".  orifice). 

Mucila^-i-e[|>,  99.                                         ^H 

133. 

cfavma  cell^  63.                                         ^^1 

H  icnminikts  (wu^ii,  un*l) ;  <i^f»,  bodj), 

Hucui.  390.                                                   ^^1 

311. 

Mulder-a  bvpothnia  conceming  the  ori-         ^^1 

Miero.pMtiwfoi-%  203. 

Hicr»|»re,  U3.  n. 

UultipU  .pidermi,,  BT.                                      ^H 

li..K,  3. 

^^1 

Hilk-M«,  »s. 

Uillan'>  reiig™i  (Add  NitrWe  of  Mer- 

cury). 13.  38,  33. 

Na»ent  tiMiu  (■accent,  ariaing).     Stt       ^^M 

Hlmmi  podici,  430. 

M<rij>lcm.                                                         ^^M 

MinanUiMlion,  34. 39. 

Natunt  grafla,  163.                                       ^^H 

Mirror  <rfmki»<co|H,  a. 

NKUtr,   451;   protection  ot,  &«m   the       ^^M 

ModifiMlicnM  of  lh«  celt-w>ll,  U. 

v1iuUofuD<re1comeina«(a.466;HCre-        ^^M 

Hniitare,  cRmI  or  Kmoatit  of,  in  tha  air 

lion  u(.  4S3i  »p«-illc  griTity  of,  4a3.          ^^H 

upon    Innipiration,    876;   ritacl    of 

Nevtar-glandi.  IGI,  461.                                 ^^M 

foniu  upon  the  ■uiouDt  of.   in  th« 

Nectir  guid»  or  apou,  463.                               ^^M 

air,  SSI;  eftKl  of,  upon  the  direction 

Nectariea,  4^3.                                                     ^^M 

of  l-rowth,   »a-    eshalafioii    ol,   by 

dr-ert  planla.  276;  ralatJoDa  of  proto- 

Negative  beliotropiim,  3B3.                               ^^M 

plMU  to.  309;  nlitioiis  of  »<li  to, 

939.     See  al«o  Walsr. 

Molccuk.  313,  ••. 

Nervei  ol  lesTea,  16«.                                         ^^M 

Nkiiel,  occumm.-o  of,  in  planta,  ISS.             ^^M 

Niggl-t  l«t  for  lignin,  13.                                 ^^B 

ft. 

.^ 
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Nigrosin,  19,  380. 

Nitrates,  as  a  source  of  plant^food,  835; 
test  for,  326,  n. 

Nitric  acid  tllNOs),  13;  as  a  soarce  of 
plant-food,  335. 

Nitrogen,  amount  of,  in  plants,  827; 
amount  of,  in  rain-water,  331;  appro- 
priation of,  by  plants,  326,  330 ;  com- 
parative needs  of  wild  and  cultivated 
plants  for,  334 ;  compounds  of,  in  the 
atmosphere,  331;  in  coloring-matters 
of  leaves,  292 ;  in  the  soil,  333 ;  mode 
of  formation  of  atmospheric  com- 
pounds of,  332;  sources  of,  for  plants, 
327. 

Non-sexual  reproduction,  426,  444. 

Nucellus,  175, 182,  433. 

Nuclear  disc,  376. 

Nuclear  spindle,  376. 

Nuclein,  375,  376,  378. 

Nucleus,  25,  n.,  28,  199,  220,  374;  be- 
havior of  the,  with  reagents,  375;  dem- 
onstration of  changes  in  the,  in  the 
development  of  pollen-grains,  380; 
structure  of  the,  375. 

Nucleus  ccUulflp,  27,  n.     See  Nucleus. 

Nucleus  of  a  starch-granule.    See  Hilum. 

Nucleus  of  the  ovule.    See  Nucellus. 

Nucleolus,  28,  375. 

Nutation  (nutatio,  a  nodding),  400. 

Nutrition,  355. 

Nyctitropic  niovcmeiits  (yv(  [gen.  »a>jtTd«], 
night;  Tp6iro«,  a  turn),  409. 


Oaks,  histological  classification  of, 
143,  n. 

Objectives,  2. 

Odors,  (»f  tiowrrs,  454;  of  wood,  142. 

Oil  in  seeds.  3  51. 

Oil  of  eloves,  3,  23. 

Oleic  acid  (CIU.O,),  300. 

Oleiii  (C,:IIk>«<>«),  '3()0. 

Olive-oil,  use  of,  in  experiments  on  pro- 
toplasmic movements,  211. 

Oophytes,  reproduction  in,  440,  n. 

Oosphere  (wor,  an  egpf ;  <^<^arpa,  a  sphere), 
435,  440,  n.,  441,  n. 

Oospore  (<^o»',  an  egg;  (rn-opo?,  seed),  43C, 
440,  n. 

Of)en  bundles,  104. 

Opening  and  closing  of  flowers,  412. 

Orange  "II,"  19. 

Orchids,  trachelds  in  roots  of,  1(»9. 

Organ,  102,  186 ;  rank  of  an,  18G,  n. 

Organic  acids,  effect  of,  upon  turgcs- 
cence,  414. 


Organic  matter,  appropriation  of,  by 
the  plant,  837;  changes  of,  in  the 
plant,  354. 

Organic  prodacts,  classification  of, 
357. 

Osmic  acid  (peroamic  acid)  (OsOO,  14, 
46. 

Osmometer  (m^^,  impulse;  ttirpw,  mea- 
sure), 224. 

Osmosis  (mati6i,  impalse),  221,  224. 

Osmotic  equivalent,  225. 

Osmundacese,  stems  of,  154. 

Ovary  (orum,  an  egg),  arrangement  of 
fibro-vascular  bundles  in  an  inferior, 
174;  arrangement  of  fibro-vascular 
bundles  in  a  superior,  173;  structure 
of  the,  172;  varieties  of  conductive 
placentsB  in  an,  432. 

Ovules,  changes  in  the  fertilization  of, 
435;  development  of,  433;  formation 
of,  175;  ripening  of,  178;  structure  of 
the,  in  angiosperms,  432 ;  structure  of 
the,  in  gymnosperms,  438. 

Ozone,  804. 

Oxalates,  test  for,  9,  54. 

Oxalic  acid  (CsUsO«),  860. 

Oxidation,  355. 

Oxygen,  an  agent  in  the  disintegration 
of  rocks,  237;  amount  of,  ab9orbed 
during  respiration,  368;  amount  of, 
evolved  in  assimilation,  319 ;  necessary 
for  germination,  464;  necessary  for 
protoplasmic  movements,  210;  of  air 
ample  for  respiration,  368;  relations 
of  growth  to,  388;  required  bv  roots, 
245. 


Palisadk-cells,  61,  159. 

Palmate  venation  in  leaves  {pnlmatu^ 
bearing  the  mark  of  a  hand),  157. 

Pal  matin  (CflJUOr,),  360. 

Palmitic  acid  (C,eH«02),  300. 

Pahns,  fibro-vascular  bundles  in,  130, 
131. 

Paper-pulp,  manufacture  of,  145. 

Paracellulose,  35. 

Paraffin,  use  of,  in  section-cutting,  3. 

Parallel  venation  in  leaves,  156. 

Parasites  (trapao-iro?,  one  who  lives  at 
another's  expense),  289,  338;  chloro- 
phyll lacking  in  certain.  294  ;  food  of, 
3.38;  roots  of,  116;  union  between,  and 
their  hosts,  153,  338. 

Parchment  paper,  32,  n.  use  of,  in 
making  osmometer,  224. 

Parenchyma  (irap«yx^»i  I  pour  in  beside). 
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BT,   60;    clemcnl!  af,   DO;   forms    of 

Ph.vllodia  (4vAUl^,  like  le.v„),  S80.           ^H 

cells  of.  SI;  in  Iho  fiMicuUr  f^fiUni, 

Pbyllophore  (*o*A.,.  laf ;  ♦o^,  I  bear),                  1 

IDS;  of  Ihs  fluwer,  ITD;  d1  Ui*  fruit, 

laa.                                                       1 

170;  of  the  laf,  IMj  of  tin.  petiole, 

Phylbxanthln  (4ilAA»,  leaf;  f»Wf,  ytJ. 

U(l;  of  the  mm,  UB,  134;  Klerotic, 

low),  2D0.                                                                      J 

Pbyticil  propertbn  of  xoil*,  3W.                        ^^ 

FanhtllaglBHil     (n^Mnx,    a    Tligin) 

Picrk  acid  ((:41.[NO,],UH),  18.                  ^H 

,.<«.«,  prwlurlion),  «B. 

Filir.^mu>   layer   lyilat,  bair;  /era,   I      ^^H 

Path  of  wilet  through  lite  pluit,  STO. 

bear),  lOS.                                                ^H 

Pealy  wil>.  3W. 

nuguicula.                                                         ^H 

PecUn  bodie*.  (68. 

Pinnale  venallan  in  leave*  (^innatM,       ^^H 

P«to».  M.  n..  Zta. 

Pellicksnienibr.nt,  337. 

PirtilK,   chineei  of,  in   ripening,   178;         ^^H 

Pereniii*!.,  »lorii.K  of  atgimlUled  mailer 

ai.r<>-r*Kular  bundles  In,   179;  >en*i-        ^^M 

In,  ars. 

Peribloin  («?<*»,«.,  >  covering),  los. 

118,  168. 

Pitb,ia4i  •olubilily  of,  34.11.                       ^^H 

Pl.>i»  ot  Ihe  eell-wull  at  Iha  point  of        ^H 

Perlcliiial  pUn«  (>i^,  •roimd;  lUn.,  I 

growth,  361.                                                    ^^M 

incliuc),  wa. 

Periderm  (ir.*i.   anmod;   t4p^  .kin), 

tonned !  »*r.,.  a  lod.ing),  m.  n.                 ^H 

7S. 

PlannolylicaitCllU.!T,ii.,»IO;  effector,        ^^H 

Periodi*  movemenle  of  wgam,  409. 

Poriplienil  liHue  of  rooileu,  108. 

Plullde  (wl^nm.  I  fonii),  40,  3ST.                   ^^H 

Pcrijperm    (».(^.    «toua.li    ffW««.  the 

Pleon  (.J>A»,  lull),  Sia.                                      ^^H 

«ed),  437. 

Plcrom  (.*v->...  Iliel  which  filU),  105,         ^H 

Pcrittoin*,  441,  n. 

Pero«m>c  iciU.    S»  Oimic  A<Md. 

Poi«>n>,  effedi  ot.  upon  planti,  478.            ^^H 

PiUele  lp.lial^,  ■  little  fool),  pwon- 

Piitariiing  apiontui,  4.                              ^^H 

Pollen  (/.ol^a.  fine  Boar),  .mount  of,      ^^H 

the,  410. 

produced  by  Howera,  439|  banling  ot      ^^^H 

graina  of,  in  water,  438;  coDlenl*  of       ^^^| 

SSB. 

Phelloderm  (#.*«,,  cork;  Uf,^  .kin), 

879:    elleet   ot  eugar   Kilutloiu   on        ^^M 

M.  148,  0, 

Fhello^n  (#.ami,  eoik;  t»>^.  I  pro- 

duce), u.  us. 

438;  vitality  of,  4S1.                                   ^^M 

Ri»nol.    S«  Cirbolh- Add. 

Pollen-lnbe.  eminion  of  the,  480;  tittis         ^^M 

Phloem  (♦*«*.  inner  b«i).  104. 

required  lor  deiceni  of  the,  431.                     ^^H 

PhlorogluciF  (C.H^).  u»  of,  H  ■  te.1 

PolliiiU.  4».                                                         ^^M 

for  l«nin,  14.  37. 

Pollinie  chamber.  438.                                    ^^M 

Polyrmbryony  (n^*',   many;   fnf^vet,           ^^H 

147:  offire  oMn  the  plant,  S&S. 

embryo).  448.                                              ^H 

Poncnu,                                                         ^H 

P.,ph>r,  Riandi  on  leaf  ot  the,  1S1.                   ^^M 

Potash  (KOU).  ditfution  of,  332;  uoe  of.           ^^M 

dark  blue),  2SS. 

a>  a  reagent,  B ;  use  of,  in  CKamina-         ^^H 

Phyeoiirvihrine    («i><M.   nea-weed;  igv- 

Don  of  chlDn>plailid*,  43;   use  ot.  In           ^^H 

tgt,.  red).  MS. 

■rction-cutting,  3,  a.                                    ^^M 

PotaMic  acetate  (KC.H.n,),  UM  of,  m  a         ^^M 

brown),  m. 

mounting-medium.  21.                                 ^^M 

Poli»lc  bichromate  (K.Cr.O,).  !«•                  ^^M 

yellow).  3B». 

PoIiHic  cbloraie  (KCIOi),  14.                            ^^M 

Phyllccladia    (iiu«..     lut;      .a^«. 

PotiMie  ferrocyanid.  (K.F.[C!T].),  hm          ^H 

■  roang  branch),  ISO. 

of,     b    making    preclpitatloniucn)-          ^^H 

PhTllocy.nin  (♦»*A«.,  Uaf,  «ta«,,d»rk 

bran»,  238.                                                        ^H 

blue),  asm. 

Potauic  nltrau  {Km,).  IS,  3M,  -,                 ^H 

ft- 
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Potasfliom,  occurrence  of,  in  plants,  247; 
office  of,  in  the  plant,  253. 

Potential  energ}',  307. 

Precipitation-membrane,  225. 

Preparation  of  specimens,  21. 

Preservation  of  wood,  142. 

Pressure,  effect  of  atmospheric,  upon 
germination,  369,  464;  effect  of  atmos- 
pheric, upon  growth,  3S9;  effect  of, 
upon  movements  of  protoplasm,  208 ; 
growth  retarded  by  external,  395;  of 
sap  in  the  stem,  264. 

Prickles,  69. 

Primar}'  cortex,  119. 

Primary  membrane,  36. 

Primary  structure,  105;  of  the  root,  106; 
of  the  stem,  119. 

Pnmine  (primus,  first),  178. 

Primordial  tissues,  58. 

Primordial  utricle,  27,  n.,  220. 

Procambium,  104. 

Proeenchyma  (vptff,  near;  fyxvM«,  an  in- 
fusion), characteristics  of,  58,  76;  m 
the  fascicular  system,  102. 

Proteids,  28,  326,  a.  ;  formation  of,  in  the 
plant,  335. 

Protein  basis,  46. 

Protein  granules,  44;  classification  of, 
in  seeds,  182. 

Prothalli,  442,  n. 

Protogenic  development  (wpino^,  first; 
ytvvdto,  I  produce),  99,  n. 

Protophytes,  439,  n. 

Protoplasm  (n-pwrov,  first;  vKdviia,  vrh&i 
has  been  formed),  amoeboid  movement 
of,  201;  appearance  of,  26;  chemical 
properties  of,  197;  circulation  of,  199, 
398 ;  com|)ositi()n  of,  28, 197 ;  continuity 
of,  in  cell."*,  214;  discrimination  between 
living  and  dead,  10,  470,  n. ;  effect  of 
mechanical  irritation  upon,  208;  ex- 
amination of,  196,  198,  202;  film  of, 
envelops  many  crystals,  54;  historical 
note  regarding,  219;  in  young  cells, 
198;  movements  of  naked,  200,  201, 
897 ;  movements  of,  dependent  on  the 
absorption  (»f  moisture,  212,  n.;  nitro- 
gen in,  325;  passage  of,  through  imper- 
forate cell-walls,  217;  physical  proper- 
ties of,  197;  rate  of  movements  of, 
200;  reaction  of,  198;  relations  of,  to 
anaesthetics,  211 ;  relations  of,  to  elec- 
tricity, 207;  relations  of,  to  gravita- 
tion, 209;  relations  of,  to  light,  206; 
relations  of,  to  moisture,  209;  relations 
of,  to  plasmolytic  agents,  210;  rela- 
tions of,   to  temperature,   201;  rela- 


tions of,  to  various  gases,  210;  rela- 
tions of  the  oell-waU  to,  318 ;  rotation 
of,  200;  structure  of,  211;  tests  for, 
28;  vitality  of,  in  seeds  and  spores, 
305;  water  contained  in,  198,  857. 

Pulsation  of  vacuoles,  397. 

Pulvini  (jmimnms,  a  cushion),  l&O,  404, 
410 ;  continuity  of  protoplasm  in  the 
cells  of,  315;  in  the  Sensitive  plant, 
420;  in  the  Telegraph  plant,  414. 

Putrefaction,  results  of,  333. 

Pyrenoids  ( wpifv,  a  kernel ;  tUot,  form), 
287,  ». 


QuERCTTBiv  (CaH«0,),  863. 

Quinia  (C»HMN|(),-h  U,0),  387,  385. 


Radial  bcndui,  104. 

Radial  planes,  383. 

Radicle,  118;  movements  of  the,  403; 
structure  of,  106. 

Rain-fall,  effect  of  forests  upon  the, 
382. 

Rain-water,  gases  in,  300,  n.;  oitrogeo 
compounds  In,  331. 

Ranvier's  picrocarmin,  17. 

Raphides  (^«^«  [gen.  p«^i^],  a  needle), 
52. 

Razor,  use  of  the,  in  section-cutting,  8. 

Reagents,  4;  employment  of,  6. 

Receptacles  for  secretions,  .97,  110. 

Recording  auxanometer,  383. 

Red  anilin,  19. 

Rejuvenescence  (re,  RgRm;  juventsco,  I 
become  young),  the  formation  of  a 
single  new  cell  from  the  protoplasm 
of  a  cell  alreadv  in  existence. 

Repair  of  waste,  355. 

Reproduction,  425;  by  budding,  444; 
contrast  between  methods  of,  as  nv 
gards  results,  443;  in  cr\*ptogams, 
439,  n.;  methods  of,  42G. 

Reserve  protein  matters,  44. 

Resin-colls,  97. 

Resins,  98,  363;  detection  of,  12. 

Respiration,  355, 356,  367  ;  accompanied 
by  evolution  of  heat,  370;  contrasted 
with  assimilation,  356;  early  history 
of,  367;  influence  of  light  and  temper- 
ature upon,  369;  intramolecular,  370. 

Resting  state,  309,  389,  459. 

Resurrection  plant,  399. 

Retention  of  moisture  by  soils,  239. 

Reticulated  markings,  30,  85. 

Reticulated  venation  in  leaves,  156. 


OL088ARIAL   INDEX.                                   495       ^^^| 

Rfvolvine  nHtWion,  400. 

^^1 

Scliitogenie     development     (ntf^     I        ^^H 

produc),  lis,  H. 

cleave;  i^rpu,  I  pmducg),  9D,  n.                  ^^^^| 

BbiluicU  («^f>.  a  root;  Mo,,  lik«),  117. 

sciiieiin,  aao.                                       ^^H 

aau. 

Scbulie't  macerating  liquid.  14.  38,  30.           ^^H 

RhltoiDM  {*i(i*.,  that  which  bw  taken 

Scbulie-i  reaKenl.  9.  3.1.  7S,  TT,  n.                    ^^H 

n»I)<  atructun  at,  lU. 

Schwriur-*  rcagcnl.  19,  13.  31.                        ^^H 

Kh<Hloi!|>«nu>»  (pjiot.  roM ;  rWfwn,  Msd,  | 

Scion,  131.441.                                                     ^^H 

lUG, 

Ripening  oT  trulls  >nil  fi,,  4S0. 

infusion).                                                          ^^H 

Hockt,  didnup'atian  of,  im. 

R.«l<..p.  lOa,  lOT. 

Boflt-tMin,    108)   ronwire   nctfon   of, 

SecoodaTy  liber.  113.                                     ^^H 

3U:  <lli1onlon  of.  an;  iocmue  lh« 

Seoundarv  Mruetnre,  IOC;  el  root*,  113;       ^^^H 

■iMortilng  furUn  of  k  rout,  331 ;  meth- 

^^H 

od  of  obuinini;  lor  •tuily.  10»;  num- 

Secondarr wood,  118.                                   ^^H 

ber  ot.  an  UilTEniil  ).litnti,  331:  offi.-a 

of.  In  ■bmirplion,  211;  tiu  of,  331; 

tor,  97,  110:  •ligmaCic.  W.                      ^^H 

walb  at,  108.109. 

Secundine  («ca«rf«,  second),  ITS.                                 ■ 

of.  UOicolonol.  IWiwirWxif.  110; 

181;  arrealed  activity  nt.4M);  change* 

oT,  oocun.  i33;  rxliM  ol.  8*8.  SSbi 

lion  of,  400,  IflOt  food  in,   182,  4«T,        ^^H 

tonnillon  of.  107.  IfiS;  fiom  lnv», 

1S9;  pnwlh  o(,  lOT;  influence  of  tho 

ot  oil}-  and  Marchy.  compared,  368 ;  im-       ^^H 

■oil  u|nn,  a3t:ofcrf[>tD|ci)tiia,  US:  of 

niDture,  ISO:  increa»  of,  in  >iie,  npon       ^^H 

orchWi.  109;  oxrgen  needcri  liy,  SM; 

paraiUlc.  IIR:  pilifrron*  laroror,  108; 

mcnti  of,  178;  minute  >iructure  of,        ^^H 

ot.  400;  vitality  of,  9(»,  401.                        ^^H 

of.  1IS.B. 

Stiriiium,  occumnce  of.  in  plant..  3M.          ^^H 

RorMnla.  MS. 

Rom  of  Jericho,  400. 

upon,  1S4:  of  kaf-blado.  410;  of  peli-        ^^H 

RoKlic  iriil.     S.eCoMllln. 

ele*.  419:  of  roote,  415i  of  •lamcna.        ^^^H 

Rotation  ot  protopium.  300. 

4!3;  ofmema  and  brancbei,  417;  at       ^^H 

Rohidlum.  o«utr*neB  of.  in  plant*.  B6». 

Mylc                                                        ^H 

Stn>llive  plant,  420, 134.                                    ^^H 

Runi.  mallini-.  UT. 

ScnaitWe  lifeuei^  415.                                         ^^H 

Rdmow'i  poMBb-alcohol.  T. 

Shtll-lae.  21.                                                 ^^H 

6iev»<Yll>,  91. 10.1. 1 13:  cnntcDit  <  04;        ^^H 

development  ot,  J99i  uf  cryploKam.,        ^^H 

SAniAinit  (C„H^X.l,  IS.  380. 

Saliciti  (CaHiA),  Mi 

SiorcHtUlee,  01.  09.                                           ^^H 

Saline  mallen,  alMarptiai]  of,  by  roou, 

!4*. 

Sieve-tube*.     See  8ieve-c«II*.                          ^^^H 

Sindy  toil,  !38. 

Silica  (SiO,).  depoiita  ot,  in  planbi.  39.          ^^H 

Sap,  ■monnl  of,  in  planta,  Ses;  flow  of. 

Siilcium,  office  ot.  in  the  plant.  3tft.              ^^M 

from  plaiiM,  «4:   preMure  of.  984, 

9W. 

Sipmplirtn  («.).*«.  putijdi   ♦vrtr.  a 

Silver,  occurrence  of,  in  plenti,  We.               ^^H 

pUal).3SB.Ui,33T. 

Simple  hair*,  08.                                           ^^H 

Sap-wood.  111. 

Barcode.  »0. 

Simple  plotile,  1T8.                                             ^^H 

ScaUrilorm  markinK*  (*»!«*.,  a  tad- 

411;  at  Boial  organ.,  lUi  MiUty  of,       ^^M 

d«rj>mfl,fofni),M.«<. 

1 

I 
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Slides  (slips),  2. 

Sodic  chloride  (NaCl),  15;  diffusion  of, 
222,  223. 

Sodic  hydrate  (NaOH),  use  of,  as  a 
rea^nt,  7 ;  use  of,  in  the  manufacture 
of  paper-pulp,  147. 

Sodic  hypochlorite  (NaClO),  11. 

Sodium,  can  partly  replace  potassium  in 
plants,  255;  occurrence  of,  in  plants, 
247. 

Soft  bast,  the.unlignified  cells  of  the 
liber  portion  of  a  fibro- vascular  bundle. 

Soils  absorption  of  heat  by,  245;  ab> 
sorption  and  retention  of  moisture  by, 
239,  282;  chemical  absorption  by,  243; 
class iiication  of,  2'iS ;  condensation  of 
gases  by,  244;  effect  of  transpiration 
upon,  283;  evaporation  from,  241, 282; 
filtration  through,  242;  formation  of, 
237;  influence  of,  upon  roots,  234;  in- 
fluence of,  upon  transpiration,  276; 
mechanical  ingredient*  of,  239;  nitro- 
gen available  to  plants  in,  333;  physi- 
cal properties  of,  239;  root-absorption 
of  saline  matters  from,  244 ;  tempera- 
ture of,  245;  transportation  of,  by 
water,  238. 

Solanum  Pseudocapsicum,  coloring- 
matters  in  berries  of,  177. 

Solid  yellow,  19. 

Sources  of  nitrogen  for  the  plant,  327. 

Specitic  gravity  of  wood,  144. 

Spectrum,  clas!«itication  of  the  rays  of 
the,  308;  effect  of  the  rays  of  the,  upon 
protoplasmic  movement,  20();  effect  of 
the  rays  of  the.  upon  transpiration, 
278;  of  chlorophyll,  2U2,  31;J. 

Spermoderm  (airep^o,  seed  ;  itpfia,  skin), 
178. 

Sphirrnphides  {<r4>aipa,  sphere;  pac^i?, 
need  If),  53. 

Sphere  crystals,  53. 

Spine;*,  GSK 

Spiral  markiri|?s,  30,  84. 

Sponj^iole  {spongiola^  a  little  sponge), 
230. 

Spongy  cortex,  120. 

Spongy  parenchyma,  61. 

Sports.  444. 

Sprinix  wood,  138,  390;  transfer  of  water 
through,  2:>8. 

Staining  agents,  15:  effect  of,  upon  pro- 
toplasm, 210. 

Stamens  {.stamen,  a  thread),  development 
of,  171;  sensitivene-is  of,  423. 

Starch,  amount  of,  in  plants,  357;  ap- 
pearance   of,    when    examined    with 


polarized  light,  50;  oonveTBion  of.  into 
sugar,  357,  467;  composition  of,  60; 
firet  visible  product  of  assimilation, 
821;  in  latex,  96;  in  seeds,  182;  pres- 
ence of,  in  chloroplastids,  42;  produc- 
tion of,  in  a  plant  dependent  on  potas- 
sium, 252;  solubility  of,  49;  structttre 
of,  47;  tests  for,  8,  50. 
Starch  cellulose,  50. 
Starch  generators.    See  Leucoplastids. 
Steam,  action  of,  on  chlorophyll  gran- 
ules, 290,  475,  A. 
Stearic  acid  (Ci,HmOs),  360. 
Stearin  (CsrHi,oO«),  360. 
Stellate  haire  (ttellay  a  star),  69. 
Stellate  scales,  69. 

Stems,  118;  bleeding  of,  264;  coarse  of 
flbro-vascular  bundles  in,  125;  cortex 
of,  119;  development  of,  124;  dicoty- 
ledonous (exogenous),  129, 136;  epider- 
mis of,  119;  fibro-vascular  bundles  of, 
120;  injuries  of,  149;  roonocotyle- 
donous  (endogenous),  129,  133,  135; 
of  mosses,  154;  of  vascular  crypto- 
gams, 154;  pith  of,  124;  pressure  of 
sap  in,  264;  primary  structure  of,  119; 
secondary'  structure  of,  135 ;  sensitiye- 
ness  of,  417 ;  transfer  of  water  through, 
258 ;  wilting  of  cut,  263. 

Stereom  (ortpctk,  firm),  191. 

Stigma  (oTiYfta,  a  mark  made  by  a 
pointed  instrument),  427  ;  character  of 
the  cells  of  the,  172;  extent  of  surface 
of  the,  427,  430. 

Stigmatic  secretion,  427. 

Stock,  152. 

Stomata  (rrSfia,  the  mouth),  70,  268;  de- 
velopment of,  72,  376;  guardian  colls 
of,  70,  260;  mechanism  of,  269 ;  occur- 
rence of,  70,  n.,  71,  ».,  72;  pas«age  of 
gases  through,  303 ;  relations  of,  to 
exterr'al  intluences,  270;  size  of,  71. 

Stratification,  30. 

Striation,  30. 

Stroma  (<TT(>iitna,  a  bed),  198. 

Strontium,  occurrence  of,  in  plants,  256. 

Structural  characters  of  woo<l,  146^  n. 

Strychnia  (C.HnNjO,),  365. 

Style  (ftiluf,  a  style),  427;  character  of 
the  cells  of  the,  172;  conductive  tissue 
of,  431;  sensitiveness  of,  424. 

Suberification  (*r/6er,  cork;  facio^  I 
make),  34,  38. 

Suberin,  38;  tests  for,  7,  14,  39. 

Submerged  pha?nogam9,  leaves  of,  161. 

Substitute  fibres,  80. 

Sugar,  diffusion  of,  222 ;  effect  of  a  sotu- 
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tion  of,  on  pallen-graiiu,  13»:  in  tba 

«I^M|.,  61)  u«<if,  u  ■  re^-eul.  16, 

T»M  {una.  a  •doll),  i;8,                              ^^H 

lUM. 

Tetrad  (r-^>,  lour),  ITl.                                   ^^H 

T].a1liuo>,  occumuc  of.  >n  pUnU,  KS.          ^H 

net-.  858. 

au.  iM,  830;  iu  Uie  alb  of  piano, 

Thcrmotropic  curvalure*,  3B4.                        ^^M 

MT. 

Suli'huHc  hhI  <H,S0,),  «B«I  of,  upon 

luni).  SM.                                                  ^^H 

ocUulOM,  l^  81;  >lli!ct  <>(.  upon  cuti- 

Tlilench'*  borax-firmin,  IT.                        ^^^H 

Tlilcmh-i  axali<>aHd  varmin,  IT.                ^^H 

Tint  for  eallu*.  VI. 

T><n«  of  opening  and  clailigof  6o*m,       ^^H 

^H 

Iwvm,  47*. 

■Hn,  occumnn  ot,  ii<  planlf.  Ss».                ^^M 

dueling  po-cr  ol  lignnnu,  SKI;  crlbrl-         ^^H 

SupinsDr.  Ufi. 

form,  01 ;  d<>pth  lo  which  light  ptn.-         ^H 

SynerBidm  {n,.pyit.  working  togWher), 

to. 

lH>ni>  ol  water  lo,  WT;  wiuiUve,  416;           ^^ 

S}-Dtl^;^UI  (r^Knyaa,  Ihsl  wliioh   i*  pal 

tendon  of,  390.                                                               ' 

tomlher  in  order),  ilS,  n. 

Titanium  occnmno!  of.  In  plinti.  956. 

STolhui*  ot  ilbiuniuaui  mMm  in  tbo 

TralRCular   ducts   {Iraiteula,    a   link                    J 

pl.nl,  3M. 

l*«n.).  86.                                                              1 

Sy.t.n»,  loa. 

Trarh«  (r^,,:,,  tough),  83,  Si.     S«           ^H 

al>o  Tcueli.                                                       ^^M 

Tnrbcal  «>ll^  81.                                           ^^1 

T*»MK«B,  39.  ». 

Tracheal   portion   of   a   Dbro-vaKnlar         ^^M 

Tigrnt  {.ivt",  •  compuiy),  813,  n. 

Imndlc,  104.                                                        ^^M 

Tannatc  ofK^liilin  Dud  In  Iho  Tormmtlnn 

Tracl»'ld>.  81;  in  rooU  of  onhidi,  lOOi           ^^M 

otTmuiw'.wli,  M8. 

in  Btemi,  Idl;  liic  of,  113;  walla  of,           ^^M 

Twniri  {C„H„a).  difforion  of.  232i  in 

^H 

pulTinu*  of  Mimuu,  «l,  UO;  o«ur- 

Trantfer  of  waler  through  tht  plant.  3S7 ;          ^^ 

Rn«  of,  in  plant*.  301;  int*  for,  IS, 

compared  with  that  through  piiRiu)                       1 

TipHnm  ((np<M.  ■  rarpel).  ITl,  n. 

exposing  a  cut  furface  to  the  air  npon,                    J 

Tartaric  MM  (irtH^M.  WO. 

303;  eHccI  of  mollon  upon,  Dili  path            1 

T««l.     5„nipMH.». 

of.  ibB;  nu  of,  250,  2fll.                                  ^H 

TtBraen  (».,«»•,  a  covering),  ITS. 

Ttlrgmph  plant,  413. 

Traniformcd  eelli.  66.                                    ^^M 

TcmpcratiuT,  cSrcl  of,  upon  abMrplion 

by  soil,,  840 ;  dTerl.  of  too  high,  upon 

Trmn^pimtlon.  »«;   amount   of  walw           ^" 

planta.  4T0;  algvitlon  of.itaringintm- 

given  09  in.ari.STb.iati  apparatna                    ' 

for  rtgintering,  Hi:  cheeki  npoii.SBn; 

conipand   with   eiapuratlnn  proper, 

»76;    effect    of    rarioua    ulli    upon, 

17B;  effect  of  beat  upon,  ITTi   effrcl 

of  light  upon,  STT;  effect  ot  mechini- 

■Ir  ii»iiU  >  'pallw,  370;  af  pulvliiun 

t>l  ibnck  upon,  1TB-,  effect  of  moL^lur* 

of  MimoM,  411;   produdng  rlgiditv 

in  iho  air  upon,  31b:  eflert  of  natur*                    | 

In  5eR>itiv<  plant,  438;  rUiIoik  ot 

ollhnfinil  upon,  176;  cffcctt  of,  upon            ^^J 

(he  air.  SSI ;  effect.  '.1,  up>m  Ihe  plant,           ^^M 

to,  9D1 1  nlitintu  ot  toili  Id,  Ub ;  rela- 

381;   effect)   of.   upon   the  Mil.    £83;           ^^M 

experiment  upon,  S78;   method*  at         ^^H 

nieouring,   «7t;    relation   of  age   of          ^^M 

TcnMonii  of  thg  Mll-«aU  and  tiNan, 

leavo  to,  270;  relation  ol.  la  abiorp-          ^^^1 

390. 

tlon.  370;  relatke  amounia  ot.  from         ^^H 

Tcrpcne  (Cn»),  363. 

L 

oppodie  ildei  ol  a  Isat,  374.                      ^^H 
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TraatTCfw  pluMi,  Ml. 

IVbMi  age  of,  198. 

IViehoblail  (ipii  [gen.  vpcxtft],  hair; 
^A««T<tf  thoot),  a  naflM  pn^ioied  t^ 
SaclM  for  audi  tdioblaita  aa  ars  e»- 
pedalljr  diftiiignialiad  by  aiaa  and 
ufanching* 

TVidiogjiie,  440,  •• 

IVidioiiMt  (9f4,  hair),  66,  88,  S20. 

Mnitrophenie  add.    iSee  Plerle  Add. 

THoldn.    ^MOldn. 

MpalmatlB.    iSea  Fahaatiiu 

Matoarin.    iSea  Stearin. 

Ihnnnia^  teat  for  dextrin,  51. 

TVftphoplaat  (tyt^di,  a  leader;  vAiMw,  I 
form),  i87. 

T&llea.    ^Miyioeei. 

^i^ngwoence,  effect  of  ofganle  adda  npeni 

lW|WtttiQe  (CmHm),  nae  o^  in  pnpttn^ 

tion  of  epeeiraena  for  mounting,  tS. 
Twining  planta,  405. 
lykMOi  (HXm,  a  protnberanoe),  87. 
lyiiical  cella.    ^e«  Fondamental  GeOa. 


l7lK>MliJnSBD 

Utfieahria,  848. 


rsBMBVTa,  888. 


Taodolu,  88,  m,  800,  919,  n^  980, 

875,  807. 
Variegated  plantu,  477. 
Varieties,  447. 
Variety-hybrids,  455. 
Vascular  system.     5ee  Fibro-vascular 

System. 
Vascalose,  35,  a. 
Vasiform  elements  (tw#,  vessel;  forma, 

form),  81. 
Vasiform  wood-cells.    5ee  Trachclds. 
VegeUble  acids,  360. 
Vegetable    muciw,    occnrrence    of,    in 

plants,  358;  test  for,  15. 
Vegetable  parchment,  32,  a. 
Venation  of  leaves,  156. 

Vesque*s  method  of  producing  crysUls, 
55. 

Vessels,  55,  77,  82,  84;  classified,  60; 
size  of,  86. 

Viola  tricolor,  coloring-matters  in  flowera 
of,  170. 

Vitality  of  seeds,  205,  461. 
Vitellin,  364. 

Wardiax  cases,  474. 

Water,  absorbed  previone  to  metasti*  | 


ai8,987;  atoriitei  of  gnaea  V,  800^ 
«.;  aetioBofalMun  npon  ddoropHTil, 
980, 478, «.  i  an  ^(eBt  in  the  f onmtioa 
f»faoila,987$  amonnt  oi;  oootained  ia 
planta,  988;  amount  of,  givea  off  ia 

tnmaplftttioa,  971;  MMunt  of;  roqaind 
for  gendaaOon,  489{  dfaeetion  &i 
which  timiea  noii  leadfljr  oondsci, 
989^  «.;  effeot  of  abeorptkm  o^  npoa 
aeeda,  488 ;  offeet  of,  upon  {irotopiM. 
ale  morenenta,  908;  effeot  o^  upoa 
opening  and  doaing  of  alomata,  910; 
equilihrlum  of,  In  the  phmt,  988;  ex- 
ndaftioa  of,  from  vninjuied  parte  of 
pianta,  987;  methdd  of  determlaiag 
aoMNU^  of,  fai  diy  wood,  981;  fate  of 
aaeent  of,  hi  stma,  961,  988;  felntkma 
o^totiMRMa,987;  idathre  amount  ol 
apaoeoecupled  hy,  hi  fresh  wood,  981; 
tianaferoi;hiplaiita,987,  988;  tnma- 
port  of  eeOa  by,  988;  uee  oi^  ae  a 
medium,  8;  uee  o^  aa  a  moonting- 
medium,  91.  See  alto  Ifolature. 
Water«ultaf«,  948;  direetiona  for,  9I8| 

8nt  application  of  metliod  o^  949;  ao- 

latioiia  fmr,  950. 
Water-planta,  aiae  of;  188;  atiacslure  of 

hwd-pfamla  eonpuied  with  that  o^ 

987. 
Waterfwiea,  78. 
Water  tiaaue,  (t2,  980. 
Waxy  coatings  upon  the  epidermis,  86. 
White  chlorophyll,  322. 
White  lead  as  a  varnish,  24. 
Wiesner*s  tests  for  lignin,  10,  14,  37. 
Wild  plants,  supply  of  nitrogen  to,  384. 
Wilting  of  leaves,  471. 
Winterlcilling,  472. 

Withering  of  stems,  how  prevented,  263. 
Wood,  autumn,  138,  395;  color  of,  141; 

density  of,  144;  identification  of,  by 

histological  features,  145,  «. ;  odur  of, 

142;  preservation  of,  142;  spriniic*  138, 

396;  structural  characters  of ,  146,  a. 
Wood-cells,  67 f  78,  82;  size  of,  86,  •». 

143.    ^ee  alM>  Trachelds. 
Wood  elements,  inclination  of,  to   the 

axes  of  trees,  143. 
Wood-fibre  used  for  paper-pulp,  145. 
Wood-parenchyma,  77. 
Woodward's  carmin,  17. 
Woody  fibres,  57,  80.    See  also  Wood* 

cells. 
Woody  rings,    114,   137;  demarcation 

between,    139 ;    siie   of,    140  ;    two, 

formed  in  a  single  year,  130. 
Worlc  of  the  plant,  185. 
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Works  of  reference  relating  to  insectiv- 
orous plants,  351;  relating  to  micro- 
scope manipulation  and  micro-chem- 
istry, 24;  relating  to  the  cell  and  its 
modifications,  55;  relating  to  the  his- 
tology of  the  organs  of  vegetation,  166. 

Wounds  of  plants,  healing  of,  160. 


Xakthic  flowsb  colors  (Uf^t  jrel- 
low),  464. 


Xanthophrll   {{•»^t   yellow;    ^rfAAor, 

leaf),  290,  291,  297. 
Xeropbilous  pUnts  (f«p^>  dry;  ^t^^ 

I  love),  2^, ». 
Xylem  (f vAor,  wood),  104. 


ZiNO,  oocnrrence  of,  in  plants,  266;  re- 
lated to  changes  of  form  in  the  plant, 
266. 

Zygophytesi  reprodoction  in,  439, ». 
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SUGGESTIONS  FOR  STUDIES    IN  HISTOLOGY 
AND  PHYSIOLOGY   OF  PH^NOGAMS. 


Teie  following  hints  are  designed  chiefly  to  aid  students  who 
have  at  ttieir  cominand  tlie  simpler  appliances  dcBcritK-il  in  the 
foregoing  pages.  In  addition  to  the  simpler  exercises  there  ara 
also  suggested  a  few  which  are  quite  within  the  power  of  students 
having  access  to  a  small  chemical  laboratory  and  a  small  cabinet 
of  physical  apparatus.  The  chemical  and  physical  ontllu  now 
found  in  many  of  our  high  schools  will  prove  ample  for  the 
aucccssful  prosecution  of  tJicsc  cxi)eriments. 

I  HISTOLOGICAL   PRACTICE. 

Xaterlarfor  stodj.  The  supply  of  material  for  histolt^ 
should  be  abundant  and  of  the  best  quality,  all  inferior  or  imi)er- 
fuct  spccimt'tis  l>cing  carcnilly  excluded.  It  (except  that  dis- 
tinctly' referred  to  3&  fresh)  should  be  collected  at  proper  seasons 
and  preserved  at  once  iu  strong  alcohol,  great  care  being  exer- 
cised to  have  every  specimen  accurately  labelled ;  name,  locality, 
time  of  gathering,  etc.,  being  noted.  When  alcoholic  material 
ia  required  for  immediate  use  iu  the  preparation  of  sections,  it 
can  be  BoQened,  if  necessary,  by  soaking  in  pure  water,  as 
directed  in  37. 


Delineation.  When  a  satisfactory  section  or  preparation  has 
been  secured,  the  stuilciit  should  make  an  accurate  drawing  of 
its  essential  features.  The  employment  of  a  camera  Iticida  (12) 
insures  correct  proportions  in  all  parts  of  the  sketch,  and  U 
always  to  I*  recommended.  Drawings  made  by  its  aid  are  con- 
veniently designated  by  tlie  following  abbreviated  t«rm,  ad  not, 
del.  It  may  seem  scarcely  necessary  to  caution  students  against 
obscuring  any  part  of  their  liistolc^cal  sketches  by  meaningless 
shading ;  a  few  clean  and  clear  outlines  suffice  to  express  the 
character  of  the  preparation  better  than  any  attempt  to  give  the 
effects  of  light  and  shade.     There  are  some  exceptions  to  this 


2  STUDIES  IN  HISTOLOGY. 

broad  statement ;  for  instance,  preparations  of  nascent  flowers 
are  shown  equally  well  by  shaded  figures,  and  the  same  is  tme 
of  many  pollen-grains,  etc.  The  use  of  slips  of  drawing-paper 
of  uniibrm  size  and  the  arrangement  of  these  under  appropriate 
heads  will  render  the  keeping  of  a  systematic  record  of  work 
much  easier. 

Permanent  preparations.  In  most  cases  the  sections  or  other 
preparations  should  be  permanently  mounted  in  some  suitable 
preservative  medium,  and  properly  labelled  with  the  name  of  the 
plant  and  of  the  special  part  exhibited,  date  of  preparation, 
medium  in  wliich  it  is  mounted,  etc.  The  drawings  should  be 
numbered  or  labelled  to  correspond  with  the  permanent  prepa^ 
rations. 

Histological  elements,  their  modifications   and    eombiiiatioM. 

In  the  following  enumeration  of  the  more  important  elements 
the  sequence  is  (1)  form,  (2)  contents,  (3)  distribution,  (4) 
development. 

FORMS  OF  THE  STRUCTURAL  ELEMENTS  AND  SIMPLE 

TISSUES.  • 

I.  Parenchyma  Proper  and  its  Chief  Modifications. 

(a)  Soak  a  few  peas  or  beans  in  water  until  the}'  become  sofl 
enough  to  be  cut  without  difficult}',  remove  the  seed-coats,  and 
make  with  a  wet  razor  (see  8)  three  very  thin  sections  through 
the  cotyledons.  These  sections  for  comparison  should  be  at  right 
angles  to  one  another,  in  order  to  exhibit  the  length,  breadth, 
and  thickness  of  the  cells.  On  removing  them  from  the  knife 
or  razor  (by  means  of  a  caniel's-hair  brush),  float  them  in  water 
and  move  them  gentlv  about,  in  order  to  detach  the  cell-contents 
wMiich  have  partly  escaped  from  the  cut  cells.  When  the  sections 
appear  clear,  transfer  them  to  the  middle  of  a  glass  slide,  add 
a  little  pure  water  and  cover  with  thin  glass,  being  very  careful 
to  exclude  all  air-bubbles.  If  the  sections  are  thin  and  wholly 
free  from  bubbles  of  air,  compare  the  outlines  of  the  cells  with 
one  another,  making  drawings  of  the  specimens. 

(b)  IVIake  similar  sections  (1)  through  the  pulp  of  any  unripe 
fruit  —  apple,  pear,  snow-berry,  etc.  ;  (2)  through  the  pith  of 
Elder,  Lilac,  or  any  sofl  shoots ;  (3)  through  the  pulp  of  any 
succulent  leaves,  for  instance  those  of  Sedum,  Purslane,  or 
Begonia. 
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(c)  Make  a  trtinsverse  nod  a  vertical  eection  through  the 
pttiolc  of  any  water-lily,  or  tbrougfa  the  Boft  interior  of  any  rash 
(Jancua). 

{d)  When,  after  considerable  practice,  the  student  succeeds 
in  making  veri/  thin  eectioos  of  the  foreguiug  plants,  let  tlio 
reagents  for  the  demonstration  of  cellulose  be  applied  to  them, 
aa  directed  in  143. 

It  is  not  superfluous  to  state  (1)  that  success  in  the  application 
of  tjese  and  most  of  tlio  otiier  reagents  employed  under  the 
microscope  is  generally  preceded  by  many  failures,  and  (2)  that 
careiessness  in  the  use  of  some  of  the  reagents  may  irreparably 
Tuinthe  micruscoiie  lenses. 

Sderolic  Parenchyma.  Excellent  material  can  be  obtained 
nomthc  flesh  of  pears  and  quinces  (see  211  and  Fig.  40). 

From  the  tough  shells  of  many  sorts  of  nuts  and  seeds  (see 
Fig.  41)  good  preparations  can  be  made  by  the  method  dcscrilied 
in  4'Ji.  For  the  Canada  balsam  there  recommended  good 
shellac  can  be  advantageously  substituted. 

Colltnchi/tna  cttU  are  well  exhibited  by  cross-sections  of  the 
stem  ot  any  common  Lnbiat«,  for  instance  Spearmint,  or  of  the 
stem  ol  almost  any  of  the  LTmbellifene  (see  21G).  Apply  dilute 
hydroolloric  ncid  to  tlie  sections. 

Wool parenchi/ma  cells  are  easily  obtained  by  careful  macer- 
ation (Tt).  Dilute  solutions  of  Schulze's  liquid  are  preferable 
to  strong  although  much  slower  in  action.  F-xcetlent  material 
is  affonlei  by  most  of  the  oaks  and  other  hard  woods  (see  2.54, 
255).  Nwrly  all  possible  intermediate  forms  can  be  found  by 
careftil  sea-ch.  Apply  the  testa  for"Iignin"  (154).  Use  also 
opon  diffeent  specimens  red  and  blue  coal-tar  colors. 


II.   EriDr,RVAL  Cr-Lut. 
(a)   Kxanine  a  film  removed  from  the  upper  surftice  of  some 
fleshy  leaf;  for  instance,  .Sedum,  the  cultivated  Cotyledon  or 
Eocheveria,  Purslane,  or  Begonia,  etc. 

(ft)   Compa-e  the  cells  of  this  film  with  those  found  on  the 
upper  soriact  of  a  shining  petal;  e.  ff.,  that  of  Buttercup  or 


;  Poppy. 
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(e)  Bemore  a  moderately  fliin  film  from  flie  joaog  stem  or 
brandi  of  some  Caotus,  and  examine  the  ezpoaed  sorfluie  of  tbe 
epidermal  cells  for  eutinization  (156  and  224).  Apply  any  of 
the  ooal-tar  colors  to  similar  frsgments,  and  note  diflterenoes 
of  tint. 

(d)  Examine  the  «'  bloom**  (226)  on  the  followii^:  (1)  item 
of  Indian  com,  (2)  stem  of  castor-oil  plant,  (8)  leaf  of  cabbage, 
(4)  froit  of  plum,  Juniper,  or  Myrica  cerifera  (Bayberry). 

(e)  Make  a  thin  vertical  section  through  the  leaf  of  Ficns 
elastica  (India-rubber  plant),  noting  the  epidermis  and  cysteriiths 
(see  164  and  Fig.  6). 

(/)  Examine  the  examples  of  multiple  epidermis  afforded  by 
many  of  the  cultivated  species  of  Begonia. 

IVichames,  (a)  Examine  the  velvety  petals  of  any  flower, 
and  compare  their  veiy  short  trichomes,  or  hairs,  with  those  cm 
downy,  rough,  and  bristly  stems  and  leaves. 

(6)  Examine  also  a  vertical  section  of  a  young  tose-priaUe. 

The  variety  of  glandular  trichomes  at  hand  in  any  locality 
is  so  great  that  no  special  directions  need  be  given  fix  tbm 
selection. 

(c)  Root-hairs  are  easily  obtained  by  allowing  the  seeds  of 
flax,  or  the  grains  of  com,  wheat,  etc.,  to  germinate  on  wet 
filteriug-pai>er,  or  even  on  moist  glass. 

Stomata  (pp.  70-73).  For  the  proper  study  of  thtse  a  mi- 
crometer eye-piece  (11)  is  ver}' necessar}'.  By  its  enplo3'ment 
the  dimensions  of  individual  stomata  and  the  number  cf  stomata 
on  a  fpven  space  can  be  easily  determined. 

Sections  of  stomata  are  made  best  by  aid  of  the  processes  of 
imbedding  (8).  Examination  of  the  table  by  Weisi  (page  71) 
will  afTord  hints  as  to  the  selection  of  large  stomata  f>r  examina- 
tion in  section. 

JVat^r-pore8  and  rifts  (242) .  (a)  Water-pores  ire  furnished 
by  the  tips  of  the  teeth  of  the  leaves  fh)m  some  speciis  of  Fuchsia. 
Sections  showing  their  constituent  cells  are  best  made  vertically 
and  lengthwise  through  the  leaf.  Tropfleolnm,  or  the  so-called 
Garden  Nasturtium,  also  gives  good  examples. 

{b)  Compare  with  these  water-pores  the  irregilar  rifts  in  the 
loaves  of  some  grasses ;  for  instance,  Indian  com 
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III.    CoBK-CKUa, 

For  the  examination  of  tbese  cells,  the  etudent  should  be^n 
with  llio  sort  and  close- textured  "velvet"  corlt  procurable  at 
any  apothecary  shop.  Let  the  sections  l>o  made  in  at  least  two 
directions  at  riglit  angles  to  each  other,  and  if  possible  let  them 
pass  through  one  of  the  lines  of  demarcation  of  the  cork :  note 
any  differences  of  shape  and  size  presentfid  by  the  cells  at  that 
place. 

The  young  stems  of  any  of  our  common  currants  give  in  cross- 
section  excellent  illustrations  of  cork-cells  {see  pages  74-7G) 
and  of  their  development.  Test  these  and  similar  specimens  of 
coi'k-cells  for  the  presence  of  cutin  or  suborin  (see  26,  54, 161). 

IV.    pRMENCHTMATie   WoOD-ElBMEMTB. 

These  elements  (sec  pages  79-87)  can  bo  studied  to  best  ad- 
vantage after  very  careful  maceration,  as  directed  iu  70.  Long 
woo<l-cells,  woody  fibres,  and  trachete  (or  ducts),  are  easily 
separable  from  each  other  by  such  chemical  means,  and  are 
generally  identified  with  facility.  Abundant  material  for  the 
demonstration  of  trachese  is  atToiilcd  by  the  fibro-vascular  bundles 
(198)  of  herbs  and  by  the  ligneous  parts  of  our  common  trees 
ot/ier  than  the  Convene.  There  appears  to  be  no  special  need 
of  specifying  the  ligneous  plants  which  can  be  most  successfully 
employed  for  demonstrations  of  the  woody  elements.  Magnolias, 
Tulip-tree,  woody  l^gnminosm  and  Rosaces,  Urticacete,  and 
Cupulifene  are  all  satisfactory  as  sources  of  material. 

Good  examples  of  truclietds  are  procurable  from  species  of 
ConiferiE.  such  as  Pines,  Firs,  Spnices,  etc.  Tliese  should  be 
examined  in  all  stages  of  development  and  from  all  points  of 
view,  particular  attention  being  directed  to  the  marked  difference 
between  the  radial  and  tangential  aspects  of  the  cells. 

Cells  which  have  been  separated  from  each  other  mechanically 
and  have  not  been  previou»ly  acted  on  by  chemicals  should  be 
studied  with  reference  to  their  behavior  under  the  action  of 
iodine  and  other  reagents,  it  being  possible  to  demonstrate  the 
existence  of  thin  layers  or  "  plates  "  which  compose  the  wall- 
Iodine  colors  the  fVesh  cells  yellow;  investigation  shows,  how- 
ever, that  the  inner  wall  or  i)late  of  the  cell  is  not  much,  if  at 
all,  colored  by  the  reagent,  the  color  being  confined  to  an  0ut«r 
and  a  middle  wall  or  plate.  When  the  cells  thus  treated  with 
iodine  are  touched  with  concentrated  sulphuric  acid,  the  outer 
and  middle  plates  remain  yellow,  while  the  inner  plate  turns 
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blue.  Soon  the  inner  and  middle  plates  dissolve,  the  outer  not 
being  attacked  until  somewhat  later.  If  Schulze's  macerating 
solution  (full  strength)  is  employed,  the  outer  plate  dissolves 
quickly,  but  the  others  are  not  much  affected  for  some  time. 
Careful  management  of  these  powerAil  solvents  is  demanded  to 
insure  even  a  moderate  degree  of  success  in  this  demonstration. 

V.  Bast-Fibres. 

Isolation  of  these  cells  is  easily  effected  by  teasing  witii  needles 
under  the  dissecting  microscope.  The  use  of  macerating  solu- 
tions for  this  purpose  is  also  admissible,  but  the  results  are  not 
quite  so  satisfactory-  as  with  the  wood-elements.  Examination 
of  the  table  on  page  90  shows  the  wide  difference  which  exists 
between  tlie  dimensions  of  the  raw  fibres  and  their  structural 
elements,  into  which  they  can  be  separated  mechanically. 

Most  bast-fibres  take  the  coal-tar  colors  very  well,  and  it  would 
be  best  for  the  student  (without  giving  too  much  time  to  it)  to 
note  the  different  effects  which  are  produced  on  various  fibres  by 
the  colors  described  on  page  19.  The  changes  produced  in  the 
dimensions  of  the  fibres  bj*  dilute  acids  should  also  be  observed. 
After  this  preliminary  practice  the  reactions  given  on  page  90 
should  be  carefully  repeated  with  such  material  as  is  at  hand. 
Full  directions  for  the  preparation  and  use  of  the  prescribed 
reagents  will  be  found  in  the  introductor}*  chapter.  Lastly,  de- 
terminations of  the  average  dimensions  of  the  commercial  fibres, 
flax,  hemp,  jute,  etc.,  should  be  carefully  made. 

VI.   Cuibrose-Cells  or  Sieve-Cells. 

These  can  be  very  easily  demonstrated  in  thin  vertical  sec- 
tions  of  the  stems  of  any  large  Cucurbitaceous  plants ;  for  in- 
stiinee,  squashes,  melons,  etc.  If  the  student  fails  to  detect  in 
fresh  material  forms  similar  to  those  shown  in  Fig.  73,  a  little 
tincture  of  iodine  should  be  added  to  the  specimen,  in  order  to 
contract  the  lining  and  other  contents  of  the  cells.  By  this 
reagent  the  contents  become  more  or  less  distinctly  colored,  and 
the  discrimination  between  the  cells  and  the  surrounding  tissues 
is  generally  very  plain.  In  other  common  plants,  grape-vines, 
etc.,  the  detection  of  cribrose-cells  is  not  always  ea83',  but  a 
diligent  search  will  bring  out  these  characteristic  constituents  of 
soft  bast. 

The  study  of  the  structure  of  the  sieve-plates  requires  the  use 
of  much  higher  powers  of  the  microscope  than  most  beginners 
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are  likely  to  possess.  Much  can,  however,  be  done  in  the  ex- 
ainiDation  of  the  callus  bv  the  cmplojment  of  the  rea>i;enU 
mentioned  in  282  nnd  283,  The  stiitknt  should  not  fail  to  sub- 
mit a  Ihin  section  showing  the  larger  cribrose-cells  to  the  action 
of  concentrated  sulphuric  acid,  and  remove  in  this  way  the  whole 
of  the  cell-wall,  leaving  (if  the  manipnhition  has  been  careful) 
tlie  contents  slightly  connected  together  and  showing  the  inter- 
communication between  the  cells. 

VH.  Latbx-Cklul 

Latcs-cclls  arc  abundant  for  demonstraUoD  in  many  wild  and 
cultivated  planU ;  but  few  afford  material  better  adapted  to  the 
nse  of  beginners  than  the  greenhouse  plant,  Euphorbia  splcii- 
dcns.  Other  cultivated  species  of  the  same  genus  are  about  as 
goo<l.  With  the  younger  and  softer  steuis  of  this  plant  one  has 
merely  to  secure  thin  sections  through  their  outer  or  cortical 
portion,  when,  in  &  good  section,  the  latex-tubes  can  be  found 
ramifying  irregularly.  The  peculiar  dumb-bell  shaped  grains  in 
the  tubes  form  a  characteristic  feature. 

When  a  thin  section  of  any  tissue  containing  latex-tubes  Is 
gently  heated  in  a  dilute  solution  of  potassic  hydrate,  or  for  a 
shorter  lime  in  a  stronger  solution,  the  parts  become  so  much 
sotlened  that  the  tubes  can  be  easily  separated  from  the  sur- 
rounding tissue,  after  which  they  can  be  floated  on  to  a  fresh 
slide  and  examined  by  themselves. 

Abundant  material  for  the  study  of  latex-cells  is  furnished 
by  plants  of  the  following  groups:  Lo1>eliaceiB,  CampanulaccEe, 
LigulJilora!.  and  many  Papaveraccee. 


Vni.    Special  Receptacles  tor  Secbetiihb. 

These  arc  constantly  met  with  in  sections  of  many  stems, 
leaves,  nnd  flnits,     A  few  examples  for  study  are  here  given. 

(a)  Cryatal-celU.  Look  for  these  in  the  leaves  of  the  Araccie. 
Onngraceie,  and  Chenopodiaceie,  and  in  the  bark  of  almost  any 
of  Uic  ligneous  Rosacea  (Pomeie),  where  they  are  especially 
associated  with  the  bast-Qbrcs. 

(6)  liMin-cells  and  renirwreterooirs  are  found  in  the  bark  of 
many  Cotiiferie  and  Umbellifene,  etc.,  in  the  leaves  of  Butaceie, 
Hypcricaces.  and  Slyrtacere. 

(c)  Tatmin  reccplacUn  are  found  in  very  many  kinds  of  bark. 
For  the  detection  of  tannin,  solutions  of  potassic  chromate  or 
ammonic  chromate   may   be  employed,  a  brown  color  being 
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prompfly  prodooed*    This  test  It  prateibk  i&  aome  nqiecte  to 
Ibe  aolutlcMis  of  iron  aUnded  to  in  M. 

InteroeOnUur  sptoet  of  Ttrioos  nlmpm  and  daw  owtalning 
air,  or  air  and  wator,  are  mel  witli  in  maiqr  <^tiia  planta  already 
Momerated.  Tlie  moat  intereating  are  fbond  in  mooooc^kdiH 
aooa  planta,  notably  Araoen  and  Joncaoen. 


C1LL<XI1ITENT8. 

L  PaoronjkaiE. 

No  better  material  for  llie  demonetnilion  ot  Vb»  phyaical  and 
diamioal  properties  of  piotoplaam  in  ita  aottve  atate  ma  be  em- 
{doyed  by  a  bq;inner  thanflieyotffi^atamen-liaiiaof  Sirfderwori. 
Sereral  garden  apedes  <tf  Spiderwort  are  available  for  ttila  pur- 
pose, espedally  Tradescanti*  Viigintea  and  pUoaa.  Tbe  greeiH 
hoaae  apedea  can  also  be  employed.  If  none  iji  these  are  at 
liand,  any  yoang  large  plant-hairs  with  tiiin  trauparent  waOa 
win  answer  for  the  demcmstratlon.  If  llie  hairs  are  aaflldenti|y 
yocn^,  the  profa^lasm  sppears  aa  a  neady  traasparail  maaa 
fflUng  the  oell-cavity ;  bat  even  when  tiiey  are  onlfy  tXIffikHj 
advanced  in  development  the  mass  becomes  honey-combed  by 
sap-cavities  or  vacuoles.  With  fortber  development  these  be- 
come confluent,  and  traversed  here  and  there  by  slender  threads ; 
the  wall  of  the  cell,  however,  as  long  as  it  is  alive,  being  lined 
by  a  delicate  film  of  protoplasm. 

Wlien  the  protoplasm  exists  in  a  cell  only  in  the  latter  condi- 
tion, it  is  well  to  place  the  cell  in  a  solution  of  sugar  (a  five  per- 
cent one  will  answer)  or  in  dilute  glycerin.  By  this  means  the 
protoplasmic  lining  is  contracted  somewhat  by  the  withdrawal 
of  water  fW)m  its  cavity,  and  in  shrinkiDg  from  the  wall  its  shriv- 
elled contour  can  be  easily  distinguished. 

It  is  best  for  a  beginner  to  use  in  his  early  demonstrations 
very  young  plant-hairs  in  which  the  vacuoles  do  not  occupy  much 
space  within  the  cell.  The  cells  composing  the  growing  points 
of  most  roots,  stems,  and  leaves  are  too  small  for  satisfactory 
study  at  the  very  outset ;  it  is  well  to  defer  the  examination  of 
the  protoplasm  in  these  until  its  reactions  have  been  cleaily 
demonstrated  in  3*011  ng  plant-hairs. 

Directions  for  the  demonstration  of  active  protoplasm  can  be 
found  in  section  124.  The  tests  there  given  should  be  repeated 
by  the  student  four  or  five  times  with  different  kinds  of  cells, 


aftor  which  the  effect  upon  fresh  material  of  potas^ic  hydrate, 
both  tlie  coQCcntratcd  and  the  dilute  solutions,  should  be  care- 
fully watched.  In  these  examinatioas  it  will  be  well  to  practise 
the  reagents  without  liiting  the  cover-glass  (sec  17  aud  20). 


II.     ClILOEOPLAaTlUS. 


"Examine  the  chloTophyll  ffranidts  (see  page  41)  in  the  fol- 
lowing material :  — 

(li)  The  parenchyma  cells  of  any  thick  leaves,  for  instance 
those  of  Purslane,  Begonia,  etc.,  noting  in  the  drairiug  the  rela- 
tive size  and  abundance  of  the  granules  in  different  cells. 

(6)  The  epidermis  of  the  same  leaves,  noting  in  what  cells,  if 
any,  tlie  granules  are  found. 

Examine  also  the  green  bodies  in  the  leaves  of  any  true  moss, 
and  in  any  filamentous  alga,  «.  ff.,  Spirogi'ra,  and  the  cotyledons 
of  the  following  seeds  for  any  green  granules :  sunflower,  maple, 
and  pine. 

Raise  three  seedlings  of  llax  and  pine.  Let  one  of  the  seed- 
lings of  each  be  kept  in  darkness,  to  the  second  seedling  of  I'aeh 
give  only  a  very  little  light,  to  the  third  give  as  much  light  as 
possible  ;  and  when  the  plumules  have  l>egun  to  develop,  examine 
the  cotyledons  and  young  stems  for  any  color-granules. 

Do  wcU-blanchcd  celery  petioles  contain  chlorophyll?  To 
answer  this,  examine  the  base,  middle,  and  summit  of  the  leaf- 
BUlk. 

The  next  three  studies  can  be  advantageously  deferred  until 
after  that  of  starch. 

III.  LETrcOPLA»Ttt)S. 

These  bodies  (see  174)  require  for  their  detection  very  careful 
manipulation,  but  by  following  the  directions  given  on  page  44 
they  can  usually  be  made  out  without  much  difflcultj-.  For  the 
pseudo-bulb  of  Phajiis,  which  is  there  recommended,  the  same 
organ  in  almost  any  of  the  cultivated  exotic  orchids  may  \ie 
substituted. 

IV.  Cdsouoplastidb. 

These  can  be  examined  in  any  of  the  colored  fruits ;  for 
instance,  in  winter,  the  berries  of  Solanum  Pseudocapsicuin 
(Jerusalem  Cherry)  may  be  used  (as  directed  in  498).  The 
granules  there  found  should  l»c  compared  with  i-olored  graniilea 
in  the  petals  of  almost  any  flower.  For  examination  of  the  color- 
granules  in  flowers,  common  pansics  answer  very  well  (aee  477-) 
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V.   Protein  Granitles  (pages  44-47  and  182). 

Examine  tbin  sections  of  the  endosperm  of  the  seed  of  Ricinus 
after  the  specimen  has  been  treated  as  directed  in  176,  and  also 
of  the  seed  of  Bertholletia  (Brazil-nut).  Permanent  preparations 
from  the  latter  should  be  made  as  directed  on  page  47. 

Search  also  for  cubical  crystalloids  in  the  cells  just  under  the 
skin  of  a  potato-tuber. 

VI.   Starch. 

In  the  examination  of  starch  (pages  47  and  181)  make  Uiin 
sections  of  (a)  a  potato-tuber,  (b)  the  cereal  grains  figured  in  the 
pages  cited,  (c)  seeds  of  the  pea  and  bean. 

Detach  some  medium-sized  starch-granules  and  measure  them 
Yf'iih  the  micrometer ;  after  this  apply  a  solution  of  iodine,  em- 
ploying the  most  dilute  one  which  will  impart  a  decided  color  to 
the  granules.  Is  the  color  given  by  iodine  permanent?  Does 
ex[>o8ure  of  the  colored  specimen  to  light  make  any  difiTerenoe  in 
permanence  of  color? 

In  all  cases  note  very  carefully  any  appearance  of  stratifica- 
tion which  the  different  granules  present,  and  determine  the 
distinctive  characters  by  which  each  of  the  common  commercial 
starches  can  be  recognized,  such  as  rice-starch  (toilet-powder), 
laundry  starch  (cither  wheat  or  potato),  etc.  After  sufficient 
ffimiliarity  has  been  acquired  by  an  examination  of  all  the 
kinds  of  slaroh  figured  in  Part  I.,  tr}'  to  identify-  under  the 
microscope  specimens  of  laundry  starch  and  of  various  kinds 
of  flour. 

Can  starch  be  detected  in  the  following :  — 

Seeds  of  flaj^  and  mnstird  ? 

Roots  of  Ixjets  and  turnips? 

Pulp  of  the  ripe  and  the  unripe  apple? 

Bark  of  willow  and  maple  ? 

Young  shoots  of  pine  ? 

For  the  detection  of  starch  in  minute  amount  in  chlorophyll 
granules  the  directions  given  on  page  42  must  be  carefully 
followed. 

From  this  time  on.  the  character  of  the  granules  seen  in  any 
specimen  should  be  determined  by  iodine  and  the  result  noted 
in  the  drawing. 
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VI!.  Cktstau. 

In  many  of  the  eections  alreadj-  spoken  of.  for  instance  tbose 
of  Begonia,  single  crystals  And  clusters  of  crystals  have  at- 
tracted attention.  For  a  brief  study  of  different  forms  of 
ciystals  (see  pages  52-55)  the  following  are  vety  serviceable : 
petioles  of  Begonia,  scales  of  onion,  leaves  of  Tradescsntia, 
Fuchsia,  and  the  common  "  C-alla"  (Richai'dia),  bark  of  many 
woody  plants. 

If  a  thin  section  of  the  leaf  of  almost  any  Arnceous  plant,  for 
instance  "  Calla."  is  placed  in  a  little  water  under  tlie  micro- 
scope, it  frequently  happens  tbat  tbe  discharge  of  acicnlar 
crystals  (raphides),  described  on  page  52,  can  be  seea  without 
difliciilty. 

Apply  to  the  specimens  containing  crystals  the  two  reagents 
spoken  of  in  the  table  on  page  54.  and  carenilly  note  results. 

Repeat  Vesque's  experiment  (188). 


Till.    CARBUtrTDBATEH   DISSOLTED   IN  TBK   CtLI^SAr. 

(a)  Tnulin  (188)  is  deposited  from  its  solution  in  celt-sap 
whenever  the  cells  are  placed  for  a  time  in  alcohol  or  even  in 
glycerin.  Its  characteristic  forms  are  not  likely  to  be  mistaken 
for  anything  else  met  with  in  the  tissues.  Excellent  material  is 
afforded  not  only  by  the  common  D&hlia,  but  by  Cichory  and 
Dandelion  (see  Fig.  35). 

(b)  The  tiigars.  Examine  a  thin  section  of  beet-root  by  the 
method  described  in  184.  Compare  with  it  a  thin  section  of  any 
ripe  fruit. 

IX.    Other  Crll-costests. 

Oil  Ohbules,  sometimes  of  laig«  size,  but  generally  minnte, 
ore  to  be  looked  for  in  those  seeds  which  do  not  contain  starch 
(compare  oil).  Examine io  these  the  effect  of  ethcron  the  par- 
ticles of  oil,  and  also  make  sections  throngh  the  leaves  of  St 
John's-wort,  Itue,  and  Uictamnus,  and  through  tbe  rind  of  an 
orange  or  lemon  to  determine  the  shape  of  the  receptacles  con- 
taining oily  matters. 

Jiesint,  etc.  For  a  study  of  these,  proceed  as  directed  in  56, 
employing  young  shoots  of  Pine. 

Tannin,  etc.  For  the  detection  of  tannin,  solutions  of  iron  (see 
59)  may  he  used ;  but  the  results  are  generally  more  satisfactoty 
when  a  solution  of  potassin  or  ammonic  dichromate  is  employed. 
The  color  imparted  to  the  cells  containing  much  tannin  is  brownish 
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or  even  almost  black.  The  student  should  examine  the  ren* 
peculiar  globules  of  tannin-solution  found  in  the  sensitive  pulvi- 
nus,  or  cushion,  at  the  base  of  the  petiole  of  Mimosa  (Sensitive 
plant).     Similar  globules  have  been  detected  in  different  baiks. 

DISTRIBUTION  OF  THE  HISTOLOGICAL  ELEMENTS. 

The  various  histological  elements  after  being  examined  as 
directed  in  Chapter  II.  should  be  investigated  with  regard  to 
theur  mutual  relations.  It  is  adnsable  to  b^n  with  the  skele- 
ton or  framework  of  the  plant,  afterwards  taking  up  the  latex- 
oells,  etc. 

As  shown  in  Chapter  III.,  the  framework  of  the  higher  plants, 
which  we  are  now  to  consider,  consists  of  fibro-vascular  bundles 
variously  arranged  and  conjoined.  The  bundles,  which  in  some 
cases  may  nin  for  some  distance  as  isolated  threads,  and  in 
others  exist  as  compact  masses,  are  surrounded  with  larger  or 
smaller  amounts  of  cellular  tissue,  the  exterior  portions  of  which 
are  specially  adapted  to  come  into  contact  with  the  surroundings 
of  the  plant. 

I.    Structurb  of  Fibro-vascular  Bundles. 

For  the  demonstration  of  the  structure  of  fibro-vascular 
bundles,  seedlings  of  the  following  plants  will  afford  good 
material :  Bean,  Indian  com.  Castor-oil  plant,  and  Squash.  The 
roots  of  these  plants  give  examples  of  radial  bundles  (313),  in 
which  the  strands  of  liber  and  of  wood  are  in  different  radii, 
while  from  their  stems  (including  the  hypocotvledonan-  stem  of 
the  bean,  castor-oil,  and  squash)  may  be  obtained  excellent 
illustrations  of  collateral  bundles. 

The  sections  for  displaying  the  stnicture  of  the  bundles  are 
best  made  in  the  three  directions,  transverse,  vertical- tangential, 
and  vertical-radial.  In  a  few  cases  sections  made  obliquely  to 
the  axis  of  the  organ  are  instructive ;  but  unless  great  care  is 
exercised  in  observing  all  their  relations,  thej'  ma}'  be  rather 
misleading. 

In  all  cases  examine  fullv  the  character  of  the  bundle-sheath 
(see  212).  The  student  should  not  be  satisfied  with  anything 
less  than  a  char  interpretation  of  all  the  structural  elements 
which  he  meets  in  a  given  bundle.  If  the  structure  of  a  bundle 
is  not  revealed  by  the  sections  already  prepared,  fresh  ones 
should  be  made  and  carefully  compared  with  the  others,  and 
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with  the  figures  in  Fart  I.  In  order  to  identify  some  of  tbe 
structural  elements  con)i>osing  a  bundle,  it  in  Bometimes  advis- 
able to  resort  to  cautious  maceration  (see  70),  so  lliat  the  parts 
may  be  isolated.  It  lias  been  found  advantageous,  in  a  few  in- 
stances, to  very  securely  fasten  the  section  under  examination  to 
tUin  rubber  membrane  by  means  of  tlie  best  "rublier"  cement 
or  raanne  glue,  and  then  subject  the  membrane  and  section  to- 
gether to  the  action  of  the  macerating  liquid,  great  care  being 
exercised  to  have  the  process  gradual.  Alien  tbe  maceration  is 
complete,  the  membrane  is  removed  from  the  liquid,  washeil, 
and  then  slowly  stretched  until  the  adherent  wood-ele incuts  are 
somewhat  torn  apart.  It  will  be  obsen'cd  that  by  this  method 
their  former  relations  need  not  \k  greatly  disturbed. 

After  examining  the  flbro- vascular  bundles  in  the  seedlings 
above  named,  proceed  to  tbe  study  of  tbe  bundles  in  the  roots, 
stems,  and  leaves  of  two  adult  herbaceous  plants,  for  instance 
Indian  corn  and  Bean,  in  order  to  ascertain  what  differences,  if 
any,  exist  iu  the  composition  of  the  bundles  in  a  given  organ  at 
different  periods  of  growth. 

It  was  stated  in  309  that  the  simplest  form  of  a  Gbro-vascular 
bundle  consists  of  merely  a  few  tracheal  cells  ior  sometimes  tra- 
cbete)  tt^therwith  some  erihrose  or  sieve  cells.  The  student 
should  search  for  trachelds.  which  may  occur  disconnected  from 
any  bundle ;  as  for  example  in  tbo  slema  of  species  of  Saticornia 
(a  seaside  plant  of  succulent  texture),  and  in  tbe  petiole  and 
pitchers  of  Nepenthes.  Tracheids  occur  also,  often  in  a  con- 
tinuous layer,  as  a  sheath  of  the  aerial  roots  of  orchids.  Sieve- 
tubes  may  be  looked  for  at  a  little  distance  from  the  bundles  in 
the  stems  of  potato  and  tobacco,  where  they  occur  in  the  periphery 
of  the  pith. 

Two  supplementary  studies  are  strongly  advised  :  (I)  of  the 
bnndles  in  ferns,  (2)  of  those  in  aquatic  phienogams.  In  the 
former,  •'  concentric  "  bundles  are  met  with ;  in  the  latter,  rudi- 

!Dtary  bundles. 


11.      COCME   O 


B  Bfstiim, 


le  course  of  tbe  fibro-vascnlar  bundles  can  be  traced  in  some 
oases,  especially  in  young  and  rather  juicy  eleraa,  like  those  of 
Impatiens,  with  little  or  no  dilliculty ;  but  it  is  generally  neces- 
sary to  treat  somewhat  thick  sections  of  the  stem  under  ex- 
amination by  a  macerating  liquid,  for  instance  potnssic  hydrate, 
after  which  the  course  can  be  made  out.  In  most  coses  the 
course  of  the  bundles  can  also  be  made  out  by  series  of  sections 
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made  at  difTcrcnt  points  in  the  organ,  care  being  taken  to  arrange 
the  sections  in  their  proper  sequence. 

The  following  material  will  be  useful  for  practice  in  the  deter- 
mination of  the  coui*se  of  the  bundles :  young  shoots  of  Clematis, 
Vitis,  and  Phaseolus  (all  dicotyledons) ;  and,  after  these,  shoots 
of  Spiderwort,  the  rootstock  of  Convallaria  (Lily  of  the  Valley), 
or  of  Smilacina,  and  if  possible  the  bud  of  a  young  palm. 

The  courae  of  the  bundles  in  leaves  and  dry  fruits  can  be 
easily  demonstrated  by  •'  skeletonizing"  them.  This  is  effected 
by  keeping  the  leaves  for  a  long  time  in  a  dilute  solution  of 
calcic  hypochlorite  (see  50). 

DEVELOPMENT  OF  THE  ELEMENTS. 

This  must  be  examined  in  the  youngest  seedlings  of  the  plants 
now  spoken  of.  The  sections  must  be  through  the  growing 
points,  and  should  bo  well  cleared  by  one  of  the  processes  de- 
scribed in  IG  or  24.  For  the  development  of  special  structural 
elements,  for  example  latex-cells,  see  Part  I. 

HISTOLOGY  OF  THE  VARIOUS  ORGANS. 

I.  The  Root. 

The  student  may  use,  for  demonstration  of  the  histology  of 
the  root-tip,  any  seedlings  which  have  been  grown  either  in  water 
or  on  a  clean  support,  and  are  therefore  free  from  grains  of 
earth.  Root-hairs  are  best  exarahied  on  seedlings  sprouted  upon 
moist  sponge  or  bibulous  paper. 

II.  The  Stem. 

It  is  advised  that  the  student  now  prepare,  in  addition  to  the 
sections  of  stems  previously  examined,  sections  through  two  and 
throe  year  old  shoots  of  any  common  dicotyledon,  and  note  all 
ditferenccs  wliich  exist  between  the  different  woody  elements 
forming  the  rings,  and  all  changes  in  the  bast.  The  growth  of 
cambium  should  be  carefull}'  examined  in  the  young  shoots  of 
Pine  and  of  Oak. 

For  the  study  of  the  secondary  changes  in  the  bark,  the 
twigs  of  black  currant  or  of  white  birch  afford  good  material, 
the  successive  changes  being  easily  followed. 

The  occurrence  of  true  cork  in  out-of-the-way  places  is  illus- 
trated by  Catalpa,  Professor  Barnes  reporting  that  it  sometimes 
occurs  between  the  annual  layers  in  the  stem  of  Catalpa  speciosa. 
Other  cases  should  be  looked  for. 


LEAP  AND  FLOWER. 


111.    Tlie  Lkaf. 


The  leaf  presents  few  diiliL-iiUics  iu  biatological  manipulation. 
For  all  netxaaixTy  delails  consult  pp.  1J6-164.  The  following 
Ijlaiita  afford  cxeelleut  material  for  study  :  — 

or  tlie  L«nlriu  orr&DgciuL'nt  of  pareuchyma  in  the  blade,  Trit^ 
iuuiu  vulgare,  Acorus,  and  many  i>r  tlie  Caolac;eK. 

Of  the  biFacial  arrangement  ol'  pareoehyma,  maiy  plaota  with 
Qat  horizontal  leaves. 


IV.    The  Flowkh, 

It  is  assumed  that  the  student  has  thoroughly  familiarized 
himself  with  the  morphology  of  the  simpler  flowers  as  explained 
ill  Volume  1.,  and  bus  acquired  some  facility  in  examluing,  as 
tlicTO  directed,  those  of  more  complicated  structure. 

The  study  of  the  microseoiiio  anatomy  of  all  the  floral  organs 
in  Uieir  adult  stAte  should  precede  any  attempt  to  examine  their 
development.  Since  the  flower  sliould  be  examined  in  all  stages 
of  its  development,  it  is  well  to  select  for  study  only  those  flow- 
ers which  can  be  readily  obtaine<l  iu  large  numbers,  and  further- 
more, by  preference,  those  which  are  not  thickly  covered  with 
hairs.  The  common  weeds  Lepidiura  Virginicum  and  Capsetla 
Bursa-pastoris  atfonl  excellent  material  for  the  study  of  the 
flower  and  its  development,  and  have  the  signal  advantage  of 
being  much  alike  in  the  most  essential  respects,  yet  possessing 
minor  differences  which  are  not  likely  to  be  overlooked. 

An  exhaustive  examination  of  tlie  histologj'  of  the  organs  of 
the  flower  should  begin  with  the  studj'  of  tlie  sepals,  the  other 
organs  being  taken  up  in  their  tmn,  and  the  following  [lointa 
re<«iving  special  attention  :  (1)  the  possible  occurrence  of  stom- 
ata  upon  all  the  parts  of  the  blossom ;  (3)  the  peculiarities  in 
the  proper  epidermal  cells  of  the  petals ;  (3)  the  character  of  the 
parenchyma  in  all  parts  of  the  flower,  and  all  diflbrenccs  in  the 
nature  of  the  cell  contents,  notably  the  plastids ;  (4)  the  charac- 
ter and  the  distril)Ution  of  the  flhro-vascular  bundles  in  ttieir 
course  from  the  pedicel  to  their  ultimate  att«nuatc<l  lamifications 
in  the  several  organs. 

Slamr.ns.  The  character  of  the  pollen  demands  special  atten- 
tion, and  its  examination  should  bo  followed  by  a  comparison 
between  as  many  kinds  as  possible  taken  tVom  various  flowers. 
The  character  of  the  int«gumeuts  and  the  contents  of  (he  grains 
should  also  be  demonstrated. 


L 
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The  pistil  requires  little  special  study,  except  in  regard  to  its 
development.  It  will  be  well  to  examine  tlie  conductive  tissue 
of  the  style  and  trace  it  down  to  the  ovarian  walls.  (Other 
minute  matters  connected  with  the  stamens  and  pistils  are  con- 
sidered under  ''Fertilization.") 

V.  Development  op  the  Flo  web. 

From  the  3'oungest  fiower-cluster  of  any  plant  having  indeter- 
minate inflorescence,  for  instance  that  of  Lepidium  or  Capsella, 
cut  squarely  off  a  short  piece  of  the  tip,  place  it  on  a  glass  slide 
in  a  little  alcohol,  in  order  to  remove  the  air,  and  cover  with 
thin  glass.  (If  the  student  has  an  air-pump,  the  specimen  can 
be  placed  at  once  in  water  on  the  slide,  and  then  subjected  to 
the  action  of  a  partial  vacuum,  which  will  of  course  free  the 
whole  preparation  from  any  air-bubbles.)  After  the  air  has 
been  removed,  add  water,  and  if  the  specimen  i*equires  clearing, 
as  is  usual I3'  the  case,  some  potassa.  On  gently  warming  the 
slide  the  specimen  will  grow  somewhat  darker,  but  after  a  time 
will  be  made  tolerably  clear.  If  not,  proceed  as  directed  in  25. 
The  specimen,  if  a  good  one  and  well  prepared,  ought  to  show 
all  the  relations  of  the  several  fiowers  of  the  cluster  to  each 
other.  Prepai'c  a  second  specimen  by  removing  the  flowers  in 
succession  under  the  dissecting  lens,  beginning  with  the  larger, 
and  placing  them  in  a  row  which  will  comprise  all  the  stages  of 
development.  AVith  the  material  thus  obtained,  which  it  is  well 
to  keep  moist  with  glycerin,  the  examination  of  all  the  different 
parts  can  be  suceessfull}'  carried  out  The  study  will  be  far 
more  instructive  if  the  student  makes  a  parallel  series  with  an 
allied  species.  Comparison  of  the  two  species  above  mentioned 
shows  exactly  when  and  where  some  of  the  parts  are  arrested  in 
development. 

VI.  Development  of  the  Pollen. 

The  examination  of  the  anther  for  this  study  should  begin  at 
a  very  early  stage  in  the  growth  of  the  flower,  and  particular 
attention  should  be  given  to  the  cells  which  line  the  pollen  cavi- 
ties. Great  advantage  is  gained  from  the  skilful  employment 
of  staining  acj^ents,  by  which  the  parts  are  brought  out  more 
clearly  (see  77  et  seq,).  All  changes  in  the  character  of  the 
nucleus  of  the  grains  during  their  differentiation  demand  for 
their  identification  the  use  of  staining  agents  without  the  pre- 
vious application  of  potassa. 
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Vll.     Dfiv 


r  Ovci-Bfl, 


la  this  examination  the  wall  of  the  ovary  must  be  removed, 
and  tlie  minute  emmoiiccs  which  arc  to  becouie  the  ovules  ob- 
served in  their  eailiest  stage.  The  successive  external  produo 
tions  which  are  to  become  the  iutegumcnts  oFthc  ovule  should 
be  traced  with  great  care.  It  is  also  well  to  examine  minutely 
the  changes  in  form  of  the  enibijona!  sac  in  the  nucleus  (or 
□uccllus)  of  the  ovule.  These  will  bo  further  adverted  to  under 
"  Fertilization." 


VIII.    MiNUTR  Stbucturb  or  the  Sekd. 

Since  in  the  previous  exercises  some  parts  of  the  seed  have 
been  already  cxnniiued,  it  ia  necessary  here  merely  to  call  atten- 
tion to  the  desirability  of  studying  the  character  of  the  integu- 
nieuts  in  at  least  two  common  and  a  few  exceptional  cases. 
For  tlio  former,  no  seeds  are  better  than  those  of  the  common 
Bean,  Fea.  or  Lupino.  After  a  clear  idea  has  been  obtained  of 
tlie  nature  of  the  cells  wliicli  compose  the  greater  part  of  the  two 
iiitegumeuts,  the  student  should  make  careful  sections  through 
ttie  hilum  in  order  to  display  the  peculiar  sac-lilio  body  theru 
seen.  For  the  exc<>pttonal  tyt>es  of  integuments,  examine  the 
seeds  of  Flax  (showing  the  gelatinous  modification,  eto.),  or 
better,  if  they  can  be  procured,  the  seeds  of  Collomia  and  Cot- 
ton. It  will  be  well  also  to  examine  the  closely  united  ovarian 
and  ovular  coats  in  the  common  grains,  like  Wheat  or  Indian 


The  student  should  examine  as  many  seeds  as  possible,  includ- 
ing those  coutaUiiiig  much,  little,  and  no  starch,  and  observe  also 
whether  or  not  there  is  any  difference  between  ripe  and  unripe 
seeds  in  the  amount  of  starch  which  they  contain.  He  should 
examine  the  contents  of  the  cells  nearest  the  integuments  in  any 
of  the  seeds  above  mentioned,  and  ascertain  the  relative  amount 
of  albuminoid  matters  present  compared  with  those  in  the  cells 
in  the  interior  of  the  seed. 

Further  microscopic  examination  of  tlic  seed  is  to  be  taken  ap 
when  germination  is  studied. 
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PRACTICAL  EXERCISES  IN  VEGETABLE 

PHYSIOLOGY. 

This  course  of  expenments  in  Vegetable  Physiology  is  divided 
into  two  parts :  the  first  series  eompnses  a  few  exercises  which 
can  be  undertaken  by  any  one  having  only  the  simplest  appli- 
ances; the  second  requires  more  complicated  apparatus.  The 
firat  series,  if  faithfully  and  intelligently  followed,  should  place 
the  student  in  possession  of  the  leading  facts  regarding  the  prin- 
cipal activities  of  the  plant ;  while  the  second  series  should  ac- 
quaint him  with  the  chief  methods  employed  for  the  investigation 
of  the  special  offices  of  the  organs  of  the  plant,  and  fix  the 
principal  results  in  his  mind.  It  should,  however,  be  frankly 
stated  that  for  the  proper  and  satisfactory  performance  of  the 
experiments  detailed  in  this  second  or  special  series  the  student 
should  first  become  familiar  with  the  ordinary  methods  of  chemi- 
cal and  physical  manipulation,  and  have  at  command  the  funda- 
mental principles  of  chemistry  and  of  physics. 

FIRST  SERIES. 

In  this  series  arc  discussed  experimentally  the  following  car- 
dinal topics :  ( 1 )  The  behavior  of  protoplasm  in  a  living  cell ; 
(2)  The  gain  in  substance  by  assimilation  and  the  loss  of  sub- 
stance by  growth  ;  (3)  The  chief  conditions  under  which  plants 
assimilate  ;  (4)  The  dependence  of  the  principal  activities  of  the 
plant  upon  ceilain  external  conditions. 

The  experiments  can  be  conducted  with  the  following  ap- 
pliances :  — 

1.  A  small  balance  with  weights  ranging  from  twenty  grams 
to  one  contiixrani.  If  a  balance  is  not  procurable,  ordinary  hand- 
scales  with  horn  or  brass  pans  will  answer  very  well. 

2.  A  water-bath,  or  in  place  of  it  a  small  porcelain-lined 
kettle  of  one  or  two  pints  capacity,  fitting  into  a  larger  iron 
kettle.  Water  placed  in  the  larger  kettle  prevents  the  inner  one 
from  being  iieated  above  the  boiling-point  of  water. 

3.  Half  a  dozen  test-tubes. 

4.  Three  or  four  pieces  of  glass  tubing,  six  inches  long. 

5.  A  small  camel's-hair  pencil,  and  India  ink. 

(5.  Pieces  of  colored  glass  or  colored  gelatin  (red,  yellow, 
green,  blue,  violet),  six  inches  square  or  larger. 
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For  the  first  study,  the  examination  of  protoplasm,  a  roiero- 
Bcopo  inagnifj'ing  from  two  huiidrctl  to  six  bumlrctl  diameters 
vill  l)c  required,  together  with  a  small  outfit  of  elides  and  eovers  ; 
fttid  for  the  examination  of  growth  a  zinc  hox  constructed  as 
directed  in  "The  Dependence  of  Growth  upon  Heat." 


I.    The  BeuAviDK  or  raoTorL&RU  in  a  Liviko  Veoetable  Cell. 

For  all  neceasarj-  details  as  to  the  chemical  reactions  of  proto- 
plasm, see  124  and  tlic  exercise  on  page  8  of  tills  "Praxis." 
At  present  it  is  proposed  to  call  attcutiou  lo  the  various 

I  Movementa  of  Protoplasm. 

(a)  Material.  The  delicate  hairs  from  the  )*oung  leaves  of 
almost  any  pubescent  plant  will  serve  for  the  demonstration 
of  these  movements,  but  the  following  are  recommended  on 
account  of  their  abundance  and  excellence:  stamcn-liairs  of 
Spiderwort  (Tradescantia),  hairs  from  the  young  leaves  of 
squash  and  nettle,  and  from  the  velvety  leaies  of  many  culti- 
vated exotics. 

(6)  Prefiaration  of  specimens.  Remove  by  needles,  forceps, 
or  scalpel  a  very  little  of  the  epidermis  with  its  attached  haire, 
and  place  it  at  ooce  in  a  little  water  on  a  glass  slide.  In  placing 
ttie  thin  gloss  cover  on  the  specimen  be  careful  to  exclude  all  air- 
bubbles  and  not  to  crush  the  cells.  If  necessary,  put  a  fragment 
of  glass  nnder  one  edge  of  the  cover,  to  lighten  the  pressure  on 
the  object.  If  the  hairs  are  suitable  for  the  examination,  the 
delicate  threads  of  protoplasm  ought  to  be  distinctly  seen  through 
the  cell-walls,  and,  alter  a  little  lime,  a  movement  of  translucent 
granules  should  l>e  seen  in  them.  If,  after  a  few  moments,  no 
movement  can  be  detected,  warm  the  slide  a  little  witli  the  hand 
and  again  obsen'c.  If  no  movement  should  now  bo  seen,  add 
to  tile  water  on  the  slide  a  little  dilute  glycerin ;  this  causes 
slight  contraction  of  the  protoplasmic  lining  of  the  cell,  and 
probably  the  movement  can  then  be  obsen-ed  in  the  threads.  If 
not,  do  not  waste  time  over  the  specimen,  but  try  a  fresh  one.  A 
power  of  200  diameters  will  answer  for  this  work,  but  one  of  500 
is  better, 

(c)  Questions  to  be  angviered  by  the  specimen.  If  the  student 
has  secured  a  good  preparation,  in  wliieh  the  movement  of  gran- 
uk's  in  the  threads  can  be  seen  distinctly,  he  can  cosily  answer 
the  following  queries :  Wliat  is  the  rate  of  motion  of  the  gran- 
ules at  the  lemi>erature  of  the  room?    Do  the  tlu-eods  remain 
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unchanged  in  shape  ?    Do  any  granules  pass  from  one  cell  to  the 
next  one?    Where  is  the  motion  fastest? 

While  the  observations  are  in  progress,  be  carefbl  not  to  allow 
the  preparation  to  become  dry :  add  a  little  water  occasionallj-, 
and  note  whether  the  rate  of  motion  is  increased  or  diminished 
for  the  next  minute  or  so. 

(d)  Questions  to  he  answered  by  experiment,  (1)  WTiat  effect 
u}x>n  the  rate  of  protoplasmic  movement  does  increase  of  tem- 
perature pi*oducc? 

In  order  to  keep  the  slide  with  the  specimen,  prepared  as 
above,  from  touching  the  metallic  stage  of  the  microscope^  place 
under  each  end  of  it  a  piece  of  thick  pasteboard,  and  then  clamp 
it  down  firmly  by  means  of  the  stage-clips,  so  that  it  cannot 
be  easily  displaced.  After  the  slide  has  been  in  position  for  a 
few  minutes,  note  the  rate  of  movement  of  the  granules  at  the 
ordinary  temperature  of  the  room.  When  this  has  been  accu- 
ratcl}'  determined,  place  near  the  specimen,  on  the  slide,  a  coin 
or  other  small  piece  of  metal  which  has  been  heated  to  40^  C, 
and  note  the  change  of  rate.  Afterwards  apply  more  and  more 
heat  by  a  second  and  a  third  application  of  the  coin,  heated  each 
time  higher  by  immersion  in  hot  water,  and  note  the  result.  Of 
course  this  very  simple  method  of  experimeYit  does  not  allow  one 
to  determine  the  exact  temperature  to  which  the  specimen  is 
heated,  but  its  temperature  is  only  a  little  lower  than  that  of  the 
coin. 

For  exact  experiments  employ  the  apparatus  described  in 
557  or  558. 

(2)  What  effect  upon  the  rate  of  movement  does  a  decrease  of 
teini)erature  cause? 

l^repare  a  fresh  specimen  as  directed  under  (6),  lower  the  tem- 
perature of  the  slide  by  the  application  of  a  coin  which  has  been 
immersed  in  ice-water,  and  note  all  changes  in  the  rate  of  move- 
ment. Still  lower  temperatures  are  easily  secured  by  placing  in 
a  small  copper  cup  on  the  slide  (an  ordinarj*  copper  cartridge- 
shell  answers  ver}'  well)  a  mixture  of  ice  and  salt. 

If  in  either  of  the  preceding  experiments  the  motion  of  the 
granules  has  been  arrested,  endeavor,  by  reversing  the  applica- 
tion, to  re-establish  movement:  thus,  if  the  movement  was  ar- 
rested at  the  higher  temperature,  apply  cold  ;  if  it  was  aiTCSted  by 
cold,  apply  heat. 


A8S1MILATIOX  AND  GltOWTS. 


II.     Tbe  G^n  1 


}  THE  Los«  or  SUB- 


Select  a  number  of  beans  (Windsor,  Horticultural,  Limn,  or 
white),  of  nearly  tlie  same  size,  weigh  ten  of  them,  and  drj'  tUem 
(.-arefully  in  a  water-balh  to  ascerlaiii  the  amount  of  water  which 
they  contain.  Take  two  other  lots  of  ten  each,  weigh  them 
carefully,  plant  them  on  moist  blolting-pai>er  or  wet  sponge,  and 
keep  them  in  a.  warm  place  until  they  have  eproutetl.  When 
the  beans  have  fairly  started,  suspend  them  over  the  surface  of 
water,  with  their  roots  in  it,  as  directed  in  CCU,  From  this  time 
on,  keep  one  sot  of  the  seedlings  in  the  light  and  the  other  set 
in  the  dark,  being  earefbl  in  eoeh  case  that  the  water  is  supplied 
in  suflluienl  quantity  to  make  up  for  nil  loss  by  evaporation,  and 
that  it  is  changed  every  third  day.  Let  all  the  conditions  under 
which  the  two  sets  are  cultivated  be  as  nearly  alike  as  possible, 
with  the  single  exception  that  light  is  present  in  one  case  and 
eomplet«ly  absent  in  the  other.  In  a  couple  of  weeks  the  two 
seta  of  seedlings  will  have  become  large  enougli  for  further 
study  :  the  set  grown  in  the  light  will  be  green  and  thrifty,  the 
others  may  be  as  large,  but  they  will  have  a  yellow,  unhealthy 
ap[>earance.  Remove  tho  two  sets  from  the  water  and  carefully 
drj  tliem  separately  over  the  water-bath  as  directed  in  the  case  of 
tlie  seeds.  When  they  do  not  furtlicr  lose  weight,  weigh  caref\ill)-. 
Compare  tbe  weight  of  the  dried  seedlings  with  the  weight  of 
tlie  dried  seeds. 

III.  The  Cbief  CoKDmoNs  of  Assimilation-. 

In  the  examination  of  these,  repeat  witli  great  care  llie  experi- 
ments detailed  on  page  305. 

IV.  The  Depemdencb  or  Growth  epos  Heat. 

This  may  bo  shown  in  the  following  manner :  Take  a  sheet  of 
tin  or  zinc  alwut  6  to  8  inches  in  width  and  24  inches  in  length. 
Turn  up  its  ends  at  right  angles  G  iuches.  Turn  them  once 
more  at  right  angles,  rather  less  than  half  an  inch  at  tho  lop 
and  two  and  a  half  inches  at  the  bottom.  This  last  turn  will 
hoUl  a  sheet  of  glass  which  will  form  the  fourth  side  of  a  box, 
narrower  by  two  inches  at  the  bottom  than  at  the  top ;  that  is, 
the  glass  side  will  not  be  vertical,  but  inclined.  Cut  out  a  piece 
of  wire-gauze  of  the  right  size  for  the  bottom,  and  either  solder 
or  rivet  it  in  place.  Fill  this  box  with  we  11 -moistened  sawdust. 
Flant  a  row  of  six  or  eight  large  Windsor  beaus  in  regular  order 
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in  the  sawdust,  near  the  glass  side,  so  that  the  tip  of  each  radicle 
will  start  down  about  one  fourth  of  an  inch  from  it.  If  the  glass 
is  properly  inclined,  the  radicle  will  quickly  press  itself  against 
it  and  thus  be  the  more  readily  seen  and  studied  in  its  subse- 
quent growth.  When  the  radicles  are  about  two  inches  in 
length,  withdraw  them,  and  by  the  aid  of  a  fine  camel's-hair 
brush  and  India  ink  mark  tliem  off  with  precision  at  regular 
intervals  of  one  or  two  millimeters,  then  place  each  in  the  same 
place  and  position  from  which  it  was  taken.  It  will  be  found 
that  only  their  tips  grow ;  the  marks  above  the  tips  remaining 
the  same  distance  apart. 

Put  a  thermometer  in  the  sawdust  in  order  to  observe  the  tem- 
perature, upon  which  it  will  be  found  the  rate  of  growth  depends. 
Place  the  seedlings  near  the  stove  or  over  a  register  where  the 
temperature  of  the  sawdust  can  be  gradually  raised  to  from  28^ 
to  30°  C.  Having  previously  measured  and  noted  the  exact 
length  of  the  radicle  of  each  plant,  observe  its  increase,  while 
the  temperature  remains  constant,  for  a  given  period  of  say  from 
five  to  ten  hours.  Next  place  the  case  containing  the  seedlings 
in  an  improvised  ice-chest  (any  box  which  can  be  well  closed  will 
answer),  and  when  the  temperature  has  been  reduced  to  10**  C, 
or  nearly  that,  measure  the  roots  careAilly  again.  Hold  this 
degree  of  cold  as  nearly  constant  as  possible  for  five  or  ten  hours, 
whichever  ma}'  have  been  the  period  of  time  in  the  first  case. 
Compare  the  growth  in  the  two  periods  and  note  the  difTerence. 


SECOND   SERIES. —SPECIAL   EXPERIMENTS. 

I.   Diffusion. 

Place  a  tumbler  containing  an  inch  or  two  of  pure  water  upon 
a  firm  shelf  wIutc  it  will  not  be  subject  to  any  jarring,  and  put 
in  it  a  vial  filled  to  the  brim  with  some  colored  liquid,  for  instance 
blue  or  purple  ink.  Then  by  means  of  a  tube  or  *'  thistle-funnel" 
resting  on  the  bottom  of  the  tumbler  pour  into  the  tumbler  w^ater 
enough  to  coine  up  to  the  mouth  of  the  vial,  and  ver}'  cautiously 
add  more  until  the  mouth  is  covered  to  a  depth  of  al)out  an  inch. 
If  the  pouring  has  been  skilfully'  done,  there  will  be  scarcely  any 
of  tiie  ink  mixed  with  the  surrounding  water.  Let  the  apparatus 
stand  undisturbed  for  a  week  or  so,  and  note  an}'  changes  in  the 
color  whicii  may  be  observed  from  day  to  day. 

Try  the  same  experiment  with  a  saturated  solution  of  common 
salt  in  place  of  the  ink,  and  at  intervals  of  three  days  cautiously 


remove  a  little  of  the  water  tVom  the  bottom  of  llie  tumbler  by 
meauK  of  a  small  tulie  or  pipette,  ami  test  it  for  cliloridea. 


II.    OSMOSE.    DirruBi 


rnRot'OR  A  Hembhase. 


Scoop  out  a  small  cavity  in  a  fleaby  root,  fur  instance  that  of 
a  carrot,  and  carefully  flry  it  with  a  cloth.  Then  fill  it  with  fine 
8u<;nr,  and  let  the  root  stand  in  some  place  nhcre  it  will  not 
lie  (lialurbed.  Note  any  changes  which  take  place  in  the  sugar 
and  in  the  condition  of  the  root.  By  comparative  examinationa 
i)(  llie  tissues  removed  and  those  remaining,  ascertain  whether 
any  of  the  sugar  has  cntci'cd  the  cells. 

Tie  a  tbin,  sound  piece  of  parclimcnt  paper  (or.  better  still, 
parebment)  over  tbe  mouth  of  a  thistle-funnel,  and  fill  the  bulb 
of  the  ftinnel  with  a  strong  solution  of  common  salt.  Then  eus- 
[lend  the  funnel  in  pure  water,  so  that  the  level  of  the  water 
outside  corresponds  to  that  of  the  brine  inside,  and  keep  the  ap- 
paratus in  a  warm  place,  noting  any  change  of  level  of  the  liquid 
in  the  Ainnel  tube.  Try  other  substances  in  the  tube;  for  in- 
stance, dilute  potassic  hydrate,  couceutrated  potassic  hydrate, 
syrup,  and  dry  powdered  gum-arabic. 

Carefully  examine  the  upper  surface  of  the  leaf  of  Lilac,  Olean- 
der, or  Echeveria  for  the  presence  of  stomatn,  and  if  none  are 
found,  moke  the  following  trial  with  a  good,  sound,  young  leaf, 
being  careful  to  see  that  the  plant  is  well  watered.  Put  a  drop 
of  water  on  the  upper  surface  of  the  leaf,  and  dust  upon  it 
eitbcr  finely  powdered  eugnr  or  salt,  until  the  drop  has  taken 
lip  all  it  can,  and  tbe  mass  looks  nearly  dry;  then  blow  off  the 
residue,  and  cover  tbe  leaf  or  plant  wilh  a  bell-jar.  Keep  it  in 
a  warm  place  and  waU-r  well.  Observe  in  the  com-se  of  a  few 
hours,  and  at  frequent  inter\'al8  during  llie  next  four  or  five  days, 
any  changes  which  the  spot  of  sugar  undergoes.  It  is  a  good 
plan  to  prepare  several  sucb  spots  with  different  substances. 


III.    Pelucik  Phecu'i 


-TfiAfBE's  AnriFiciAt  Cet.u 


Dissolve  a  grams  of  pure  potassic  ferrocyanide  in  100  cubic 
centimeters  of  pure  water.  Place  some  of  the  solution  in  a  test- 
tid>e  having  a  frxit,  and  drop  into  tbe  tube  a  small  fragment  of 
moist  chloride  of  copper.  Observe  the  changes  mbich  take  place 
in  the  shape  of  the  film  which  instantly  forms  around  tbe  frag- 
ment. Try  the  same  experiment  with  a  saturated  solution  of 
potassic  ferrocyanide,  and  afterwards  with  solutions  containing 
respectively  I  and  10  per  cent  of  the  ferrocyanide. 


I 


24  8TUBIK8  IH  FHT810L06X. 

What  eflbots  are  prodated  wbeii  a  adtatkni  of  potasric  feno^ 
cjraiiide is  shaken  up  witii  asoliilioii of  oofq^ chloride? 

The  pellicle  predpt  tales  can  be  ftirther  exandned  as  dhected  oa 
page  226.  Calcic  chloride  and  sodic  carbooale  can  be  employed 
in  the  examination  instead  dOnt  mtbstanoea  tiiere  m^ationed. 

IT.    Prtfmi's  AannouL  Cell. 

Bq[>eat  Pfeffer^s  experiments  (page  227),  with  all  the  pfecan- 
timis  ttore  adyised. 

* 

In  eveiy  case  iriiere  a  manometert  <Mr  pressoie-gange,  is  to  be 
nsed,  correcticms  most  be  made  ibr  temperalore  and  Ibr  baio> 
metric  pressme  acoordii^  to  the  directions  given  in  sodi  woiks 
as  Bonsen*s  **  Oasometiy.'* 

y.    AisoBFiioH  oy  Watbu 

Moisten  one  side  of  a  perfectly  flat,  thin  piece  of  hard  wood, 
for  instance  the  holly-wood  used  for  scroUHMwing,  and  note 
any  diai^  of  form  whidi  occors.  What  eflhctis  ptodooed  by 
moistening,  in  the  same  way,  die  oflier  side  of  the  wood? 

IIU  a  strong  stone  bottle  with  large  dry  seeds  of  known  weight, 
for  instance  beans«  and  pot  it  in  a  paD  of  water  so  that  the 
water  can  pass  into  its  month.  If  the  bottle  shoidd  Ineak  in  a 
few  hours,  remove  quiokly  with  blotting-paper  all  die  ontsMe 
moistare  from  the  seeds,  and  determine  their  increase  in  weight 
due  to  absorption  of  water. 

Place  a  thermometer  bulb  in  a  tumbler  half  fbll  of  dry  starch ; 
slowly  add  to  this  water  of  exactly  the  same  temperature,  and 
note  any  change  of  tempesature  which  accompanies  the  absorp- 
tion of  the  water  by  the  starch. 

Weigh  a  fleshy  root,  and  carefully  dry  it  in  a  water-bath,  to 
determine  the  amount  of  water  which  can  be  expelled  at  100^  C. 
Then  raise  the  temperature  of  the  root  to  somewhat  above 
100°  C,  by  carefully  heating  it  in  a  sand-bath,  and  observe  anj' 
loss  of  weight  Determine  also  the  amount  of  water  contained 
in  a  fibrous  root  of  Indian  corn,  a  small  woody  stem,  "  dry  ** 
wood,  leaves  of  Indian  com,  Begonia,  and  Sedum,  the  pulp  of 
an  apple,  grains  of  wheat. 

After  the  above  substances  have  been  thoroughly  dried  and 
weighed,  immerse  them  in  water  for  one  hour,  wipe  them  as  dry 
as  possible  by  means  of  blotting-paper,  and  weigh  again.  How 
much  water  can  each  absorb  in  one  hour?  In  like  manner  as- 
certain how  much  they  will  absorb  in  ten  hours  and  in  twenty- 
four  hours. 


EELATI0N3   OF  THE   PLANT  TO   WATER. 
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VI.     Root-Absohpticis. 
I  Repeat  the  following  exjtprimenla  by  Ohlcrt :  — 

Cut  off  tlie  so-callod  spongiolcs,  tlie  very  tips  of  tlie  roots  of 
Bound  aewllings  which  have  beeu  cultivated  for  a  few  days  upon 
moist  sand  or  sponge  (or,  better  still,  witli  all  the  roots  in  water), 
and  cover  the  wounds  with  asphalt- varnish.  The  wounded  end 
of  the  root  must  be  quickly  dried  with  blotting-paper  before  the 
varnish  is  applied.  Then  put  the  roots  of  the  plant  again  upon 
their  moist  aupixirt  or  in  water,  and  endeavor  to  answer  by  care- 
ful obser\'ation  the  question  :  Docs  or  docs  not  the  plant  absorb 
enough  water  for  its  needs  without  the  >•  spongioles"? 

Cultivate  seedUiigs  of  one  or  two  plants,  for  instance  radish 
and  wheat,  upon  (1)  ralher  dry  sand ;  (i)  moist  sand ;  (3}  wet 
sand,  or  upon  blotling-pajwr  of  these  three  degrees  of  moisture, 
and  notice  if  there  is  any  appreciable  dtlferencG  in  the  number  of 
root-hairs  produced.  Can  the  development  of  the  hairs  Ik  in- 
~  re&sed  by  increasing  slightly  the  temperature  of  the  support? 

VI!.  Hoot  Pressl-ke. 
Cut  otr  squarely  the  stem  of  a  young  dahlia  or  sunflower  well 
rooted  in  a  flower-pot  of  moderate  size,  and  to  the  sturap  faslen 
immediately  a  T-tnlw.  with  its  pressure-gauge  as  directed  on 
page  204.  Ascertain  the  pj-essure  shown  by  the  mercurial  gauge 
at  int(>rvals  of  an  hour,  and  determine  also  the  eflTeet  of  chang- 
ing ttio  tcmi>craturc  of  the  soil  in  ihc  flower-pot. 

Vin.    Stem  PnEssiHE. 

Apply  a  pressure-gauge  to  the  cut  stem  of  some  woody  plant 

well  established  in  a  flower-pot  (for  instance,  a  strong  rose),  and 

ascertain  the  amount  of  pressure  exerted  by  the  sap. 

In  the  winter  time  or  early  spring  trj-  the  experiments  referred 

D  pages  2f>4-267. 


IX.    TuKHVBR  OP  Water  nreocon  Steus. 


'Itepcat  De  Vries's  experiments  described  on  page  2()3.  For 
stems  of  sunflower  and  tobacco  answer  very  well,  while 
those  of  heliotrope  are  not  very  good.  Ascertain  the  height  to 
which  a  color  (as  anilin  red)  will  rise  in  tlie  cut  stem  of  a  j-oung 
woody  plant  under  different  conditions  of  warmth,  exposure  of 
the  leaves  to  light,  etc.  Repeat  the  experiment  with  a  strip 
of  blotting-paper,  described  on  p-ige  200.     Try  the  foregoing 


trip     ^M 
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with  the  sbbstitution  of  a  salt  of  lithium  for  the  dye,  and  deter- 
mine the  rate  of  ascent. 

It  will  be  well  for  the  student  at  this  point  to  review  carefally 
the  principal  facts  regarding  the  amount  of  moisture  which  the 
atmosphere  can  take  up  at  different  temperatui*es.  In  all  trans- 
])iration  experiments  he  should  determine  the  percentage  of 
moisture  in  the  atmosphere  to  which  the  leaves  of  the  plants 
are  exposed,  and  for  this  purpose  the  well-known  H^'grodeik, 
or  Hygrophant,  may  be  employed.  But  if  only  the  simple  wet 
and  drv  theimometer  bulbs  are  at  hand,  the  student  can  find 
all  necessary  data  for  his  calculations  in  the  tables  published  by 
the  Smithsonian  Institution. 

Place  in  a  watch-glass  under  the  microscope  water  containing 
finely  powdered  indigo,  and  immerse  in  it  the  clean-cut  surface 
of  a  leafy  shoot  Obser\'e  in  which  direction  the  indigo  particles 
move. 

X.    Transpiration,  or  Exhalation. 

Repeat  the  following  experiment  devised  by  Henslow :  *'  Take 
six  or  eight  of  the  largest,  healthiest  leaves  3*ou  can  find,  two 
tumblers  filled  to  within  an  inch  of  the  top  with  water,  two 
empty  dry  tumblers,  and  two  pieces  of  caixi  each  large  enongh 
to  cover  the  mouth  of  the  tumbler.  In  the  middle  of  each  card 
bore  three  or  four  small  holes  just  wide  enough  to  allow  the 
petiole  of  a  leaf  to  pass  through.  Let  the  petioles  hang  sufii- 
cicntly  deep  in  the  water  when  the  cards  are  put  upon  the  tum- 
blers containing  it.  Having  arranged  matters  thus,  turn  the 
empty  tumblers  upsirle  down,  one  over  each  card,  so  as  to  cover 
the  blade  of  the  loaves.  Place  one  pair  of  tumblei's  in  the  sun- 
shine, the  other  pair  in  a  sliady  place.  In  five  or  ten  minutes 
examine  the  inverted  tumblers." 

Tie  a  piece  of  thin  rubber-cloth  around  the  fiower-pot  and 
lower  part  of  the  stem  of  any  young  leaf\'  plant,  and  weigh  the 
whole  upon  a  common  balance  capable  of  turning  with  a  deci- 
gram, under  a  lead  of  two  or  three  kilograms.  If  nothing  better 
can  be  procured,  one  of  the  best  forms  of  small  platform  balance 
will  answer.  A  thistle-funnel  should  be  tied  up  with  the  stem, 
so  that  water  can  be  supplied  to  the  plant  as  required.  Ascer- 
tain the  amount  of  transi)iration  from  the  foliage  of  the  plant 
during  twenty-four  hours  under  the  following  conditions :  (1)  at 
a  temperature  not  falling  below  GO"'  F.  (about  1G°  C.)  ;  (2)  at  a 
temperature  not  rising  above  40"^  F.  (about  4°  C). 

What  is  the  loss  of  moisture  in  one  hour  under  direct  exposure 
to  the  brightest  sunlight?   Note  temperature  and  moisture  in  the 
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air.  What  is  the  effect  upon  traii§piriitioii  of  placing  the  flower- 
pot in  some  crushed  ice,  the  tenii>erature  of  Iho  air  remiunuig 
about  the  same  as  before? 

Determine  the  minimum,  maximum,  and  optimum  temperature 
for  transpiration  of  anj  suitable  herbaceous  plant,  for  example, 
a  Pelargonium  (House  Geranium). 

XI.     EXTRAVAEATIOH   FBOV  LEAVES. 

Corer  a  joung  healthy  jilant  of  Indian  corn  or  wheat  with  a 
bell-jar,  being  careflil  to  keep  it  warm.  If.  after  a  litlle  time, 
a  drop  of  water  should  appear  at  the  tip  of  any  of  the  leaves, 
remove  it  by  blotting-paper,  and  replace  the  bell-jar.  What  is 
the  lowest  temperature  at  whieh  water  is  thus  given  off  by  young 
leaves  of  the  above  plants? 

If  a  young  Caladinm  is  at  hand,  examine  the  tip  of  the  leaf 
for  the  jet  of  water  (page  2B8)  whicli  can  sometimes  be  seen. 
If  the  plant  is  a  suitable  one,  and  the  jet  can  be  seen  at  all, 
ascertfuu  the  lowest  temperature  at  which  it  is  cjccteU. 

XII,  IscoMBitFTtBLg  SUrrBBS  in  tde  Plant. 

Bum  ni>on  platinnm  foil  (free  access  of  air  licing  permitted), 
known  weights  of  the  following  substances,  and  weigh  the  osli 
left  in  each  case:  (I)  oak-wood,  (2)  pine-wood,  (3)  a  young 
leaf  of  any  plant,  (4)  a  much  older  leaf  of  the  same  plant  (for 
instance  raspberiy),  and  (5)  some  grains  of  Indian  eorn. 

If  no  platinum  foil  is  at  hand,  bum  the  substance  in  a  bard 
glass  tube  open  at  botli  ends  and  held  slightly  Inclined  in  the 
flame  of  an  alcohol  lamp  or  of  a  Bunsen  burner.  If  the  glass 
tube  Is  used  instead  of  platinum  foil,  weigh  the  tul)e  and  the 
substauce  t«getlier  before  heating,  and  afterwards  weigh  tube 
and  ash  together  to  obtiun  the  difference  in  weight. 

XIII.  ExAMisAnos  or  the  Aen  of  Pimttx. 

If  tlie  student  has  facilities  for  conducting  qualitative  chemical 
analyses,  ho  would  do  well  to  examine  the  ash  of  the  following 
plants  :  .Sugar-iieet.  Buckwheat,  and  Oat. 

If  he  has  bod  sufficient  practice  in  qnantitatlve  chemical 
analysis  to  warrant  it,  an  examination  of  the  ash  of  some  one 
of  the  plants  which  have  been  spoken  of  in  Cfi4  and  GO.i  would 
form  a  uscfbl  exercise.  The  investigation  of  the  ash  uf  a  single 
species  at  different  seasons  Is  recommended. 
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XIV.   Watkr-Culturk. 

.  In  the  study  of  water-cultare  no  plants  can  be  more  easily 
managed  than  buckwheat  and  Indian  corn.  Secure  good  seed- 
lings, and  treat  them  as  described  in  669.  After  the  plants 
have  become  well  established  in  their  new  surroundings,  use  for 
the  nutrient  liquid  the  following  solutions  in  a  fixed  order,  and 
with  the  precautions  laid  down  on  page  249. 

1.  Well-water,  or  other  drinking-water. 

2.  Distilled  water  with  potassic  nitrate. 


8. 

"         *'      chloride. 

4. 

*'    magnesic  sulphate. 

5. 

**    calcic  chloride. 

6. 

**        **     sulphate. 

7. 

*'    potassic  phosphate. 

8. 

Nutrient  solution   I.  (672). 

9. 

(( 

(( 

n.  (673). 

10. 

Distilled  water  alone. 

XV.    AssiMiLATiOK  Proper. 

• 

Chlorophyll  and  other  coloring-matters.  Make  a  solution  of 
the  pigment  by  placing  bruised  leaves  of  grass  in  strong  alcohol 
for  a  few  hours,  and  keeping  them  from  the  light.  It  is  well  to 
prepare  at  least  ten  ounces  of  the  strong  extract,  which  can  be 
used  in  all  the  following  experiments. 

Examine  the  color  of  about  an  ounce  of  the  above  extract  held 
in  a  small  vial.  What  is  its  color  by  transmitted  and  by  re- 
flected lijz:ht?  In  the  latter  examination  it  is  better  to  throw  a 
strong  light  from  a  burning-glass  or  double  convex  lens  upon  the 
surface  of  the  liquid.  IIow  long  will  the  liquid  keejp  its  color  in 
the  strong  light? 

Treat,  as  directed  in  774,  one  ounce  of  the  extract  which  has 
not  been  exposed  to  light,  and  place  the  turbid  mixture  aside  in 
a  dark  place  until  it  becomes  clear.  What  are  the  colors  of  the 
upper  and  the  lower  layer  into  which  it  separates  ? 

If  a  microspec'troscope  is  available,  make  on  paper  projections 
of  the  spectra  of  the  following  substances  :  (1)  Chlorophyll  solu- 
tion, (2)  the  upper  layer  of  the  liquid  just  mentioned,  and  (3) 
the  lower  layer  of  the  liquid.  Examine  also  the  spectrum  of  a 
thin  green  leaf. 

If  possible,  examine  the  colors  of  autumnal  leaves,  and  of 
alcoholic  extracts  from  colored  flowers  and  colored  fruits. 
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Place  a  few  red  sea-weeds  in  pure  water,  and  let  them  remnin 
there  for  ten  hours.  What  ia  the  color  of  the  water  by  (1)  trana- 
iniltcd  light?  (2)'hy  reflected  light?  Extract  llie  coloring- in  a  ttcr 
of  red  sea-weeds  b.v  means  of  alcohol,  and  compare  the  alcoholic 
with  the  aqueous  solution. 

What  is  the  color  of  an  alcoholic  extract  of  Ihe  brutsed  tisanes 
ofMunotropa  uniflora? 

Etiolation.  Keep  seedlings  in  a  warm,  dark  place  nntil  they 
have  lost  tiieir  green  color,  and  then,  having  removed  some  of 
tlicir  leaves  for  immediate  examination,  place  the  plants.  wiUi  the 
remaining  leaves  attachcil,  in  the  light.  Make  alcoholic  extracts 
of  the  blanched  leaves  and  of  the  gieen  ones,  comparing  them 
ttom  all  points  of  view. 

Examine  pine  seedlings  grown  in  complete  darkness,  and  ascer- 
tain the  natnrc  of  the  pigment  which  their  green  cells  contain. 

Carbonic  acttl  and  assimilation.  Compare  at  the  entl  of  two 
or  three  weeks  the  ilry  weights  of  two  seedlings  grown  nnder  the 
following  conditions  :  Both  the  seedlings  have  furnished  to  them 
exactly  the  sauio  kind  and  amount  of  soil,  and  are  provided  with 
equal  amonnts  of  nutrient  solutions  at  corresponding  times; 
both  are  placed  under  tubulated  bell-jars,  and  have  Uic  same 
amount  of  moisture  in  Ihc  atmosphere  to  which  they  arc  exposed. 
The  seedling  in  one  bell-jar  obtains  a  supply  of  carbonic  acid 
gas.  since  there  is  an  opening  in  the  jar  through  which  tlie  en- 
closed air  communicates  with  that  outside  containing  its  normal 
proportion  of  carbonic  acid.  The  seedling  in  the  other  jar  has 
no  carbonic  acid  supplied,  since  a  cup  which  contjvins  imtas- 
sic  hydrate  deprives  tlio  air  already  in  the  jar  of  all  its  carbonic 
acid,  and  an  open  receptacle,  flUed  with  pumice-stone  sntn- 
ra*e<l  with  |>otassio  hydrate,  removes  all  carbonic  acid  from 
any  air  entering  the  j.ir.  One  plant  is  thus  Airnishod  with 
enough  available  carbonic  acid,  the  other  is  in  on  atmosphere 
wholly  free  from  it. 

In  a  modilicHtion  of  the  foregoing  experiment,  supply  a  known 
quantity  of  carbonic  acid  in  aqueous  solution  lo  the  »ail  of  the 
second  plant,  being  carefhl  to  prevent  Xry  means  of  a  cover  of 
rubher-clotli  any  escape  of  the  carbonic  acid  from  the  soil  of  the 
flower-pot  into  the  air  of  the  jar,  and  after  a  few  days  compare 
the  weights  of  the  plants  as  before. 

Can  a  water  plant  derive  its  carbonic  acid  tram  wal«r  contain- 
ing a  small  amount  of  BO<lic  bicarlionatc  in  solution  ? 

Add  to  the  normal  air  contained  in  a  flrshly  filled  bell-jar.  in 
which  a  seedling  is  growing,  a  known  quantity  of  pure  carbonic 
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acid.^  Later,  double  and  qaadruple  the  quantity  added,  and 
obsen^e  the  effect  produced  upon  the  plant.  Experiment  with 
different  species  of  ferns  and  club  mosses  in  the  same  manner. 
Observe  in  another  series  of  experiments  the  effect  of  sunlight 
in  modifying  the  influence  of  an  excess  of  cai*bonic  acid  gas  in 
the  atmosphere. 

The  measure  of  assimilative  activity/  is  to  be  found  either 
in  the  amount  of  pure  oxygen  evolved  in  assimilation,  or  in  the 
amount  of  carbonic  acid  decomposed  in  it. 

1.  Determinations  depending  upon  the  amount  of  oxygen 
evolved :  The  gas  which  is  given  off  during  assimilation,  espe- 
cially b}-  water  plants,  is  never  absolutely  pure  oxygen ;  but 
since  it  contains  so  small  a  proix>rtion  of  other  matters  under 
most  circumstances  which  the  student  is  likely  to  meet,  the 
amount  of  it  evolved  may  be  taken  safely  as  the  approximate 
measure  of  assimilation.  The  method  of  measurement  by  count- 
ing bubbles  emitted  b}'  water  plants  in  water  (see  814)  is  always 
practicable  and  easy  of  execution.  The  evolved  gas  can  be 
easil}'  collected  in  any  convenient  inverted  receptacle.  If  the  gas 
collected  and  measured  is  analyzed  eudiometrically,  as  directed 
in  Bunsen's  ^^Gasometry,'*  the  determination  leaves  little  to  be 
desired. 

2.  Determinations  depending  upon  the  amount  of  carbonic 
acid  decomix)8ed.  To  the  air  contained  in  a  glass  vessel  in- 
verted over  mercury  a  known  quantity  of  carbonic  acid  is  added. 
The  i)lant  previously  placed  in  the  receptacle  decom^x)ses  a  part 
of  this,  and  after  a  given  time  the  amount  decomposed  is  ascer- 
tained by  measurement  of  the  carbonic  acid  that  remains. 

J\{f\  cts  of  different  gases  upon  assimilation,  A  few  plants 
and  two  or  three  small  Wardian  cases,  or,  better,  capacious  bell- 
jars,  will  answer  for  this  study.  Select  only  sound  plants  for 
examination,  and  be  careful  to  have  those  in  one  bell-jar  as  nearly 
as  possible  of  the  same  size  and  strength  as  those  in  the  otiiers. 
Let  tiie  air  in  one  of  the  jars  be  ordinary  atmospheric  air ;  to  that 
in  the  others  add  a  known  but  small  quantity  of  one  of  the  fol- 
lowinjx  gases  ;  namely,  (1 )  common  coal  gas  ;  (2)  sulphurous  acid  ; 
(3)  chlorine.  Compare  the  growth  and  vigor  of  the  plants  from 
time  to  time,  and  observe  whether  insolation  makes  any  difference 
in  the  api)earance  of  the  t)lants  exposed  to  the  gases  mentioned. 

^  III  all  cases  wluM^e  an  additional  amount  of  pas  is  introduced  into  a  l^ell- 
jar,  allowance  must  be  made  in  some  way  for  the  possible  increase  of  pressure. 
For  tlu'  necessary  correction  in  these  cases,  and  for  other  details  i*egardiug  the 
nuinagemeut  of  gases,  consult  Buuscn's  "Gasometry." 


EESP I  RATION. 


I         m 


XVI.      RE«PIHAT]aK. 

le  measure  of  this  process  ia  usually  found  in  tb?  amount 
carbonic  acid  given  off  by  plants.  The  methods  of  dcter- 
miiiatioD  of  this  amount  are,  although  apparently  simple,  open 
to  some  objections ;  but  by  the  exercise  of  great  care  in  the 
management  of  the  simple  appliances,  their  results  are  in  gen- 
eral trustworthy. 

The  carbonic  acid  wbicli  is  given  off  by  the  plant  may  be 
measnrcd  in  one  of  the  two  following  ways:  (1)  A  current  of 
air  freed  from  all  its  carbonic  acid  by  means  of  wash-liottles  con- 
taining potassic  hydrate  is  alloncd  to  pass  into  a  receptacle  in 
irhicb  are  eonSnctl  the  plants  to  be  examined.  The  air  with- 
drawn from  this  receptacle  passes  slowly  through  Liebig's  potash 
bulbs  in  which  are  held  a  known  amount  of  potassic  hydrate. 
At  the  conelusioD  of  the  obsenation  the  amount  of  carbonic  acid 
whiuh  has  been  given  off  by  the  plants  and  been  taken  up  by  iLe 
potassic  hydrat«  in  the  bulbs  can  be  accurately  determined. 
{i)  The  current  of  air  which  is  withdrawn  from  the  receptacle 
containing  the  plant  is  [icrmltted  to  pass  very  slowly  through  a 
long  slightly  inclined  tube  in  which  is  held  a  solution  of  pure 
baric  hydrate.  As  the  bubbles  of  gas  pass  through  this  liquid 
and  give  up  their  carbonic  acid,  they  cause  an  abundant  precipi- 
Ution  of  baric  carbonate  in  it.  The  second  raethoil,  which  ia 
essentially  that  of  Pettenkofer,  pelds  uniform  results,  and  is 
in  general  to  be  preferred  to  the  first.  It  is  better  applicable 
to  observations  upon  intramolecular  respiration ;  in  which,  as 
pointed  out  in  981,  some  gas  like  nitrogen  or  hydrogen,  wholly 
free  from  any  trace  of  osygon,  is  allowed  to  come  in  contact  with 
plants  or  parts  of  plants,  and  the  amouut  of  carbonic  acid  given 
off  b  determined  as  in  the  former  ease.  Interesting  results  are 
obtained  by  ]>lacing  in  the  receptacle  very  young  seedlings,  or 
buds  which  have  just  ttegun  to  unfold. 


XTII.    Om 


Hie  tncaKarettient  of  ^owlta.  Growth  can  be  flntt.sfaotorily 
iDeasurt^d  iu  the  three  foUowhig  ways,  each  of  which  is  adapted 
to  particular  instances ;  — 

1.  Direct  mecuurement.  Determine  the  place  and  rate  of 
grovrth  of  young  iutemodes  of  any  rapidly  ileveloping  plant,  for 
instance  llorning  Glorj-,  by  marking  the  whole  $])ace  of  the 
intcmodes  into  e^jual  intervals,  and  suljsequcnily  determining 
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the  actual  increase  in  distance  between  any  two  or  more  lines. 
In  all  cases  mark  the  part  under  examination  with  good  India- 
ink,  making  clear,  narrow  lines.  To  avoid  any  possible  error 
caused  by  influence  of  lines  marked  only  on  one  side,  make 
lines  on  both  sides  of  a  part  whenever  possible.  To  measure 
the  growth  of  leaves,  use  the  method  spoken  of  on  page  156. 

2.  Measurement  by  a  micrometer  eye^piece.  With  the  tube 
of  the  microscope  kept  perfectly  horizontal,  examine  the  position 
of  a  line  of  India-ink,  upon  a  perianth  leaf  of  Crocus,  or  upon 
the  root-cap  of  Windsor  bean.  Observe  the  space  which  the 
image  of  the  line  appears  to  pass  through  in  a  given  time,  and 
refer  this  to  the  previously  determined  values  of  the  spaces  of 
the  micrometer. 

3.  Measurement  by  an  index,  (a)  On  a  simple  arc.  For 
this  use  the  simple  and  admirable  modification  of  Sachs's  aux- 
anometer,  devised  by  Bessey  (American  Naturalist). 

{b)  On  a  recording  drum.  A  slender  brass  or  steel  shaft  is 
attached  to  the  hour-spindle  of  a  cheap  clock,  and  from  the  shaft 
is  suspended  firmly  a  stiff  pasteboanl  drum  of  about  the  same 
size.  This  revolves  with  the  spindle,  and  if  well  made  is 
carried  without  any  appreciable  vibration.  A  piece  of  glazed 
paper  of  the  size  of  the  drum  is  moistened,  and  a  little  mucilage 
placed  on  one  edge,  so  that  when  the  paper  is  rolled  around  the 
drum,  its  edges  can  be  firmly  fastened  together.  Be  careful  to 
have  the  seam  in  the  paper  so  placed  as  to  avoid  an}'  catching 
of  the  needle  index  attaehcd  to  the  plant.  When  the  paper  on 
the  drum  is  dr^',  it  is  smoked  lightly  and  evenly  over  a  smoky 
turpentine  flame.  The  needle  at  the  tip  of  the  index  is  now 
placed  against  the  smoked  paper  so  as  to  press  lightl}'  upon  it, 
and,  as  the  drum  revolves,  leave  a  clean  mark.  When  a  sufR- 
cientl}'  long  record  has  been  registered,  the  paper  is  carefully 
removed  and  dipped  in  (not  brushed  with)  a  solution  of  common 
rosin  in  alcohol,  which  upon  drjing  prevents  an}'  of  the  lamp- 
black from  coming  off. 

Two  corrections  are  necessary  with  this  simple  apparatus  : 
(1)  for  the  curve  of  the  descending  needle  at  the  end  of  the 
radius  ;  (2)  for  any  changes  in  the  position  of  the  needle  caused 
by  the  varying  amount  of  moisture  in  the  air. 

For  recording  temperature,  it  is  possible  to  use  a  metallic 
thermometer  with  a  long  index,  and  have  the  two  records  side 
b}'  side.  It  is  well,  however,  to  have  the  needle  for  the  ther- 
mometer give  a  different  mark  in  order  to  prevent  any  subsequent 
confusion. 


MOVEMENTS   OF   PLANTS. 


The  proper  methods  of  oxamhiing  lUe  formation  of  uew  cells 
in  a,  simple  case  are  indicated  in  the  stuilies  upon  a  stamen-hair 
of  Tradescantia  noted  on  page  3t<U. 

XVin.     MOVEKESTB   OF   PLAKTB. 

The  student  is  advised  to  select  some  one  plant  in  a  vigorous 
condition  and  mftke  a  thorough  exumination  of  all  the  phenomena 
of  movement  which  it  presents.  The  plants  named  belovr  are 
among  the  best  for  such  an  examination,  and  they  can  be  made 
to  grow  even  under  rather  unfavorable  condiUons,  hke  those 
alforded  by  schoolrooms. 

SfiunUirteoua  mooemetitt.  Desmodium  gjTana,  the  Morning 
Glorv,  or  Hop,  may  be  used.  The  first  requires  a  high  tern* 
pcratnro  and  a  fair  amount  of  moisture  in  the  air  in  order  to 
exhibit  its  peculiar  movements  satisfactorily. 

Mooementa  following  ihock.  The  i^iensitive  plant  (Mimosa 
pitdica)  should  be  observed.  It  can  be  experimented  upon  with 
various  kinds  of  irritants,  both  mechanical  and  chemical,  at 
various  temperatures,  and  under  the  inQuencc  of  auKSthctics. 
For  the  esperimenls  with  auiestbetics  only  very  young  plants 
are  suitable,  and  they  cannot  well  be  used  afterwards  for  other 
investigations. 

In  the  case  of  all  of  the  above  plants  note  any  changes  which 
the  leaves  undergo  during  the  day  and  at  tho  approach  of 
night. 

The  details  given  in  1045  suflicc  to  indicate  the  general  method 
of  exaggerating  by  means  of  slender  glass  threads  the  slow  and 
alight  movements  of  plants,  and  do  not  need  further  treatment 
here.  For  observations  with  such  threads,  tho  following  plants 
are  very  nseful:  seedlings  of  the  Morning  Glory,  clover,  cress, 
cabbage,  and  sunflower. 

XIX.  Teksios  or  TissrES. 
Make  sections  of  young  inteniodes  as  directed  in  102.^,  secur- 
ing in  every  case  accurate  measurements  of  all  the  parts,  both 
liefore  and  after  their  separation.  It  will  be  well  to  examine  in 
like  manner  a  large  Qnm)>er  of  young  roots,  st«ma,  leaves,  and 
parts  of  tlowors,  noting  in  all  cases  the  age  of  the  part  examined. 

XX.    Insectivohoub  Plastb. 

In  the  study  of  these  plants  the  student  is  advised  to  read 

carefully  Mr.  Darwin's  work  on  the  subject,  and  lerilj', by  means 
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of  good  specimens  of  Drosera  rotnndifolia,  the  facts  there  re- 
corded. Students  are  reminded  that  Mr.  Darwin's  observations 
were  made  with  the  simplest  appliances,  and  with  a  degree  of 
care  never  excelled. 

For  independent  study  abundant  material  may  be  found  in  the 
common  Sarracenias  of  the  North  and  South,  in  regard  to  which 
very  much  still  remains  to  be  learned. 

XXL  Crobs-Febtilization. 

For  this  study,  repeat  the  observations  of  Darwin  as  they 
are  given  in  his  work  on  Cross  and  Self  Fertilization ;  or  if  that 
is  not  at  hand,  as  they  are  briefly  stated  in  the  abstract  in  the 
present  volume,  pages  448-450. 

XXII.  Hybridizing. 

With  the  precautions  given  on  page  456  the  student  should 
be  able  to  undertake  experiments  in  hybridizing  species  of  the 
following  common  genera,  all  of  which  lend  themselves  readily 
to  this  process :  Nicotiana,  Verbascum,  Lilium,  etc.  Be  care- 
ful  to  exclude  foreign  pollen  in  all  cases. 

XXIII.  The  Bipening  of  FRurrs  and  Seeds. 

Good  material  for  this  study  is  afforded  by  the  following 
plants :  Solanum,  Impatiens,  Pjtus,  Prunus,  and  Tecoma. 

XXIV.     GERMIKATIOy. 

Select  sound  seeds  of  some  common  plant,  for  instance  beans 
or  Indian  corn,  and  test  with  them  the  truth  of  the  following 
statements:  (1)  Water  is  essential  to  germination.  (2)  Germi- 
nation cannot  begin  without  access  of  free  oxygen.  (3)  Seeds 
of  the  plants  selected  require  the  same  temperature  for  the  be- 
ginning of  germination.  (4)  When  the  process  of  germination 
has  once  begun,  light  is  necessar}'  to  an}' increase  of  the  plant  in 
dr}'  substance  (compare  experiment  Series  1,  No.  II.).  (5)  Car- 
bonic acid  is  constantly  given  off  during  germination.  (6)  In 
some  cases  carl)onic  acid  will  continue  to  be  evolved  even  when 
no  more  oxygen  is  supplied  (compare  intramolecular  respira- 
tion). (7)  The  temperature  of  germinating  seeds  is  higher  than 
that  of  the  surrounding  atmosphere  (compare  respiration). 

What  is  the  optimum  amount  of  water  required  for  the  speedy 
germination  of  the  following  seeds,  —  Windsor  beans,  peas, 
clover,  squash,  and  sunflower? 
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What  is  the  optimum  amount  of  oxygen  required? 

What  is  the  optimum  temperature  required  ? 

Compare  the  precocity  of  unripe  and  ripe  seeds  of  any  plant. 

XXV.   Effects  of  frost. 

Wrap  up  a  leaf  of  Begonia  in  thin  rubber-cloth,  to  protect  it 
from  moisture,  and  place  it  in  a  freezing  mixture  of  powdered 
ice  and  salt.  After  an  hour  examine  the  tissues  of  the  leaf  with 
special  reference  to  any  mechanical  injury  which  they  may  have 
sustained.  Having  completed  this  preliminary  study,  proceed 
to  the  examination  of  an}-  well-developed  seedlings,  and  note  in 
every  case  (1)  the  effect  produced  upon  the  parts  which  have 
been  quickly  thawed ;  (2)  the  effect  where  tiiawing  has  been 
allowed  to  go  on  very  slowl3\ 

Freeze  any  strong  seedlings  and  after  a  time  thaw  them 
slowly.  Place  them  then  under  favorable  conditions  for  growth, 
in  order  to  ascertain  whether  their  vitality  has  been  destroyed. 
In  cases  where  death  of  the  part  or  plant  ensues,  does  it  appear 
to  come  from  the  freezing  or  from  the  thawing? 
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